(200) 6T 20T
RA9c

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOCICAL SURVEY

CRETACEQUS SEDIMENTATICN AND TECTONISM IN THE
SOUTHEASTERN KATIPAROWITS REGIQN, UTAH

By

Fred Peterson

Open-file Report é;“y‘ O 3
' ém"{q
1969

This raport is prelimiunary au<
has not been edited or re-
viewed for conformity with
U.5. Geological Survey
standards and ncmenclature.



CONTENTS

Abstragtece----eecmcrm e ccr e ccecemcc s soemcoca oo

Introduction==--veeme e e e r e e e e s e c e e cm e e cmcc e m o m
Geography=====ceccmcrmecccrc e c e crem e e e mce e e e o -
Previous work=-=-c-ccmccccrcmccrm e rc e r e m e — e
Present investigations----=-s=-eccrmcmmrcccmc et
Acknowledgmentg=---~=ce-mmeme e e rn e cn e e et c e -

Methods of study----~-=cecccmccccacaca" B e
Qrganization--=-~--w-cececccu-o e e T L PP
Upper Cretaceous formationg-=----=-weem-ommcemm o cec e m e em e oo

Dakota Formation-=-~-=c--~cocccm o rcrra e m e re e —e — e -
Lower member---===-----e s mme v m o
Middle member--==----c=---cmem e e
Upper member=v - -secoremor e m e e -

Tropic Shale=~--we-coer e r e e et e e e e

Straight Cliffs Formation-------------~---commommmmo oo mm oo
Tibbet Canyon Member--------=-----c-cc--o-mocommc e
Smoky Hollow Member----------------cooommmcmcceoo -
Unconformity---~---=-=-=o-m-mmoomm oo m e e o
John henry Membeg=w---ce--ooommmscoo e oo

Barren zomeS-=-------------s-o--eoese-ascoeeooomomomoo
Coal zonmgs==------r-omoomom s oo e e o
Key sandstone beds----------------moomooomm oo
Marine mudstone tongues=-=---=--------------e-o-oooo-.
General-e----------oomomem e e e e
Drip Tank Member-------=---c---ocemmmmmmme e - o

Wahweap FOrmation-===-=-----ccmc oo e - .-
Formations in northwestern Kaiparowits region=---------ccoc--u-o
Sedimentary facies==-------=comcmccem e e
Piedmont £aCi@§=m-===cmmm oo - e ceeeeecas

Alluvial plain faciesm==-cccccmccmancuo - R R ————
Subdivision A--e-mccmccecanaaa BT T T L T T T
Subdivision Bee=--cemmmm e e e -
Subdivision Ce=-=-----mccmmr e re e e e e

Deltaic plain facies=-=---c-c-ccmmmc ek
Lagoonal-paludal facies=-=-=-=-=vu--- e v —————
Barrier sandstone facies-=---cocccrmmcc i eeee oo ————— e
Offshore marine facieg--=---cemccccramcmccm e cccccccccce e

Distant marine facies=--=-wrwceccwrcrcrnanaa-aa T

103
110

116
125
132
141
144



CONTENTIS

Sedimentary facies--continued

Distribution of £

D - i R R R Rtk

Dakota Formation==-=----+-eccecmmrmccn e rcwcncmrcc e came =

Tropic Shale
Straight Cii

ffs Formation-=--=-=--=--===cec-occcccoronconan-

Wahweap Formation-=--=-=-=-e-=--eccmmmmcccmcmccccccccm e
Formations in northwestern Kaiparowits region~-------------

Sedimentation and tect
General setting--

onism----sc-ccrmmem e e st s e mc e e e

L e R R L I R I I T P

Late Jurassic timem----~-~-c-ccmccccccrccmmm st cec e n e

Early Cretaceous
Cenomanian time--
Early and middle

£ime=m===m===esomemm e ———--

e - e o . T e 4m W e W e e

Turanian tim& ..................................

Late Turonian to middle Coniacian time=--=---ecwececorcacnccauouo
Late Coniacian to earliest Campanian time-=-----c----eccmercmc-o

Campanian time---
Maestrichtian and

- - - " o = = e e e e e e - .

Paleocene timerm--==-=--==c--~-cccceccccero-ao--

.Middle and late Cenozoic time==--===--=reccccecmomomccrcaccacan

General----------

Economic resources-—---

- e - . = o " = e " e e W e e e - en -

e o - - o " - = T T e am S e W M e e e

- e o e =y - = e o m R W W s e e e ae WA M A e e =

Dakota Formation~=--~-=--cc-ecmc-occe e cc e c e e ce e e
Smoky Hollow Member of Straight Cliffs Formation-----------
Jehn Henry Member of Straight Cliffs Formation-------------

Lower c

04l ZOoNEew==mececmeccnccccm e r e e e r e e e —— .-

Christensen coal zone-=--===--=-cecmecceccnccmcmcncaano
Rees coal zone-----------c--c--cccccccrr e cre s
Alvey coal zZone-=----+--e-c-cmcccccrc e crccme e m e

Analyses and
Cleats-~----

quality-=---=-ec-m-ocme e e e e e -

e i I e L T

Potential resources and production=--===~-c-cececcccccracnao_

0il and gas exploration~=-=----=--vc-c----mcmcmmcccmrccccmrcreme e

Ground water-----

B ke T I N L

Black sandstone depositS===---=-c-ecmcomoaccanan R e T PP

References cited==--~--

- P W oy = T - o e e o %o

- . - - T . SN — T E S B e —. et em-- -

145
145
147
147
151
153

154
154
155
156
157
170
182
183
198
206
208
210

214

214
214
214
215
215
216
216
216
216

. 219

219
222
223
223
224

235
235



ILLUSTRATIONS
Page

Plate 1. Geologic map of southeastern Kaiparowits region----=------ - Ia pocket

2. Diagram showing mineralogy of sandstones in Dakota
Formation=---==~ce=cecococnaax L T meeee--- —em—an "

3. 1Isopach map of lower and middle members of Dakota Formation- "

4., Fence diagram of Dakota Formation in southeastern
Kaiparowits region------- —mmmmem—a— veemme e e —me—— -~ -——-

5. Map showing cross~-stratification azimuths for fluvial
sandstones in Dakota Forrmation----------c--ccc-cc-c-- -——-

6-11. Measured sections of:

6. Dakota Formation in southwestern part of southeastern
Kaiparowits region-----=--=e-ccccaacca-o- mmmeocccecnan

7. Dakota Formation in central part of southeastern
Kaiparowits region=--=------=mcc-c-cecrcnoc oo cnann

8. Dakota Formation in northeastern part of southeastern

Kaiparowits region-----=-==-ccmec-cmccacmancanan —————- "

9., Straight Cliffs Formation in southwestern part of
southeastern Kaiparowits region-=-=-==-c--=--=cr-ce-~=

10. Straight Cliffs Formation in northeastern part of
southeastern Kaiparowits regicon=-=--=--cc-v-a-- SRR LR .

_-- 11, Straight Cliffs Formation in northwestern and eastern
parts of southeastern Kaiparowits region-------==----

12, Diagram showing mineralogy of sandstones in Straight
Cliffs Formation, southwestern and central parts of
southeastern Kaiparowits region=---=-=-==vcacecccacac—-a- -

13. Diagram showing mineralogy of sandstounes in Straight
Cliffs Formation, eastern part of southeastern Kaiparo-
wits region----=-----~=------ mmeemeeemecemcocacaa- m————-- - "

14, Map showing distribution of coal and mudstone in middle
member of Dakota Formation below bentonite marker bed---- n

15. Map showing distribution of coal and mudstone in middle
member of Dakota Formation between hentonite marker bed
and coal bed No, 4e--~-mcommmcme e e e e eee e - "

16. Map showing distribution of coal and partings in coal bed
No. 4, middle member of Dakota Formation----=------ —me-- "

17. Diagram of distribution of coal in Smoky Hollow Member of
Straight Cliffs Formation--=-----==-- cmmmmmma—— e - "



ILLUSTRATIONS

Page
Plates 18-21. Isopach maps of:
18, Total coal in lower coal zone of John Henry
Member=--=-=--=-eccmocc e e e In pocket
19, Total coal in Christensen coal zone of John
Henry Member---~-c-cccrcmmmmc e c e e e "
20, Total coal in Rees coal zone of John Henry
Member=c-=ccmc e mr e e e e e "
21. John Henry Member of Straight Cliffs Formation--- "
Figure 1. IndexXx map--====---=ceemmcme e ma e me e e e e e 4
2. Diagram showing classification of sandstones=-------==c---- 9
3. Photograph showing Dakota Formation in southwestern part
of region=-==-=-cccececcmc e e e e e e 16
4., Photograph showing Dakota Formation in central part of
region=-=----mmm--e e e e cmme oo 17
5. Photograph showing Dakota Formation in northeastern part
of region-=--------c-eeoccmemme e e e e 18
6. Stratigraphic section showing southwestward regional
beveling of Jurassic formations and nplifv of ancestral
Cedar Mountain anticline prior to depcsicion of Dakota
Formation==--=-==-c=c e e e ce e o e ee e om e 21
7. Measured sections showing relations of members and units
in Dakota Formation=--=-=e-s-ceceemmammme e oo 26
8. Correlation of Cretaceous formations in Kaiparowits
region, Utah, and Black Mesa region, Arizona~---=----=--- 35
9. Correlation of Cretaceous formations in Kaiparowits
region, Utah, and San Juan Basin, N, Mex--=-=---=vcec-w-- 36
10. Photograph showing Tropic Shale about 1 mile west of
Warm Creek=---=---cccmcmmmcmcmccr e e e e mec et e c e e e 37
11. Photograph showing texture on weathered surface of Tropic
Shale=====-=m-mccccc e cccccr e me e e e e e e - 38
12, Diagram showing mineralogy of Tropic Shale at measured °
section Tleo---o--o-mecmomomocm e m e e 40
13. Selected measured sections of Tropic Shale and parts of
Dakota and Straight Cliffs Formatious showing thickness
changes over ancestral folds---=-=---=ccecmmmcccanacaaao 43
14. Photograph showing Straight Cliffs Formation in south-
western part of region in Warm Creek canyon-------===w-- 50
15. Photograph showing Straight Cliffs Formation at east end
of Kaiparowits Plateau above Fiftymile Point=~---=------ 51

iv



ILLUSTRATIONS

Page
Figure 16. Diagram showing relations of members and units in
Straight Cliffs Fommation-------------cccccccnoccnnaaa 54
17. Photograph showing black sandstone bed at top of B sand~-
stone bed in John Henry Member of Straight Cliffs
Formation=-=------=ee-cmeccomcmnmee o ce e cce e e 74
18. Photograph showing basal conglomerate of John Henry
Member----==-c-cececccmm e e et e e e 79
19. Photograph showing Wahweap Formation on northeast side of
Drip Tank Canyon------------=--c==cc-comcmmmomomronenn 89
20, Mezasured sections of Wahweap Formatione--=-=~=ce-e-meceoex 90
21-35, Photographs showing:
21. Mudchip conglomerate near base of Wahweap Formation- 93
22. Cross section of fluvial channel sandstone beds in
subdivision C of alluvial plain facies---==-=cr-w- 111
23. Cross-stratification in fluvial channel sandstone
bede--m-c-meme s e e e - 112
24, Ripple-drifr cross-lamination at top of fluvial
channel sandstone bed=--=-wm-mceomce oo cmn o ma 113
25. Deltaic roresat beds in deltaic plain facies--~----- 118
26. Two sets of large-scale cross-stratified units in
deltaic plain facies-------------c--o--coco- 119
27. Cosets of large-scale cross-stratified units in
deltaic plain facies---------m=-e-c-cmmmmcoacaanao 120
28. Sandstone, carbonaceous mudstone, and coal in
lagoonal-paludal facies-==--==cccccceomoanaucann 126
29. Interbedded sandstone and carbonaceous mudstone in
lagoonal-paludal facies-----=-------cceccccu-c-oa 127
30. Two thick coal beds indicating paludal environments
of deposition in lagoonal-paludal facies~===---=-~ 129
31. Crossbedding in thin sandstone bed of lagoonal-
paludal facies~--------=----c-ccmcmcie e 130
32. Lower bedding unit of barrier sandstone facies------ 134
33. Middle bedding unit of barrier sandstone facies----- 135
34. Upper bedding unit of barrier sandstone facies-=-=== 136
35. Interbedded sandstone and mudstone of offshore
marine facies--=-----mcecmccec e e 142
36. Diagrammatic section of Dakota Formation and lower part
of Tropic Shale showing facies relations across south-
eastern Kaiparowits region=-=v-=-e-cccececcccccccnncaana 146



Figure 37.

38.

39.

40.

41-46.

47.
48.

49,

50.

51.

52.

53.

54,

ILLUSTRATIONS

Diagrammatic section of upper part of Tropic Shale and
lower members of Straight Cliffs Formation showing
facies relations across southeastern Kaiparowits
region--=--=---mceeecmeccceccc s cre e et e e e rmea

Diagrammatic section of John Henry Member of Straight
Cliffs Formation showing facies relations across south-~
eastern Kaiparowits region-----=---~--v-v-cevoceccaacnaaa

Diagrammatic restored section showing relations of facies
from Kaiparowits region to Book Cliffs region in north-
eastern Utahe----v~vcemmracaccmnc e cnccc e cc e

Diagram of ancestral structures that were activated
during Albian and Cenomanian time-=-==-c-c=--c-eecuceas

Diagrams of hypothetical paleogeography of the south~
eastern Kaiparowits region during deposition of:

41. No. 1 coal bed in middle member of Dakota Formation-
42, Middle part of middle member of Dakota Formaticn----

43, No. 4 coal bed in middle member of Dakota Formation-

44, Lower part cf upper member of Dakota Formation------
45, Middle part of upper member of Dakota Fermation=~---
46, Upper part of upper member of Dakcta Formation==-=-=
Photograph showing asymmetric fold in Tropic Shale~------

Diagram of hypothetical paleogeography of the southeast-
ern Kaiparowits region during deposition of ccal bed
in lower part of coal zone in Smoky Hollow Member of
Straight Cliffs Formation----+-=--<--=--co-ccomccaooo-o

Diagram of hypothetical paleogeography of the southeast-
ern Kaiparowits region during deposition of coal bed
in middle part of coal zone in Smoky Hollow Member-----

Diagram of hypothetical paleogeography of the southeast-
ern Kaiparowits region during deposition of upper part
of coal zone in Smoky Hollow Membher----=--c-eccmcccccas

Rose diagrams showing cross-stratification azimuths for
sandstones in Smoky Hollow and Tibbet Canyon Members
of Straight Cliffs Formation-----------=cec-cccccccm-u-

Diagram of ancestral structures that wa2re activated _
during Turonian to middle Coniacian time~~----<-~c=c-w-

Photograph showing angular unconformity between Smoky
Hollow and John Henry Members of Straight Cliffs
Formation--=---=-ccccmcccm e e e e e

Rose diagrams showing cross-stratification azimuths for
key sandstone beds in John Henry Member of Straight
Cliffs Formation-=-====-w-cceccmo e e ccc e rc e e

vi

149

150

152

158

163

164

165

168

169

171

174

176

177

178

179

181

184

186



Figure 55.

56.

57.

58.

39.

60-64.

65.

66.

67.

68.

69.

70.

ILLUSTRATIONS

Rose diagrams showing cross~-stratificatiocn azimuths for
sandstones in John Henry Member of Strzight Cliffs
Formatione=e-~vecrcerccrccmcnccmccnccccccccacrc e e c— -

Photograph showing slump structures in lcwer coal zomne
of John Henry Member of Straight Cliffs Formation=-----

Diagram of ancestral structures that wers activated
during late Coniacian time==-------=---=c-omeccecoconno

Diagram of ancestral structures that were activated
during Santonian and earliest Campaniaz rime----=------=

Diagram of hypothetical paleogeography oI southwestern
Colorado Plateau and adjacent regions Zuring deposition
of John Henry Member of Straight Cliffs Formation~---=---

Diagrams of hypothetical paleogeography - the southeast~-
ern Kaiparowits region during depositic=z of:

60. Upper part of lower coal zone and & sandstone bed

~

in John Henry Member of Straight ClLiffs Formation-

61. Christensen cecal zone and B sandsto-z bed in John

Henry Member=-=----m-cmmmcm e e e e c e e e e
62, Middle barren zcone and C sandstone zz3 in Johkn

Henry Member=---------cmerm e e e e
63. Rees coal zone and F sandstone bed im John Henry

Member-==-=--m-e e e i e

64, Lower part of Alvey coal zone in Jcihn Henry Member--

Rose diagrams showing cross-stratificaticn azimuths for
sandstones in Drip Tank Member of Straizht Cliffs
Formation and in Wahweap Formation--=----=---=--ecece-ao

Diagram of ancestral structures that were activated dur-
ing early and middle Campanian time=~====c-m-ceeuauaaa -

Diagram of hypothetical paleogeography of :the southeast-
ern Kaiparowits region during depositicz of middle part
of Drip Tank Member of Straight Cliffs Zormation-------

Diagram of probable structural relations ZIna Kaiparowits
region by the end of Paleocene time--=-------cccmeccacan

Chart of summary of tectonic activity in Xaiparowits
region~-=-c---mecmccmcccc e m e e e e c e e

Rose diagram showing regional orientation of cleats in
Kaiparowits coals-----=~-c-=cccceccecnconmccocnocnaa-

vii

187

189

191

192

193

197

199

200

202

203

209

211

220



TABLES

Page
Tahle 1. Summary of Cretaceous formations in southeastern Kaiparo-
wits region---=----ccccccrmre e c e e e e 13
2, X-ray diffraction analyses of mudstone and bentonite from
middle member of Dakota Formation==-==~==-=-c-wccec-c-ucan 24
3. Correlation of Cretaceous rocks in southeastern Kaiparo-
wits region with a reference sequence for the Western
Interior===-=rcece-ececrcec e cm e m e m s et e mm e eme In pocket
4. X-ray diffraction analyses of mudstone from barren zones
in John Henry Member of Straight Cliffs Formationw------- 65
5. X-ray diffraction analyses of mudstone and shale from coal
zones in Joha Henry Member of Straight Cliffs Formation-- 69
6. Comparison of average of modal analyses from sandstone in
four measured sections, and average of all analyses------ 82
7. Summary description of facies in or near the southeastern
Kaiparowits region=-=-=-=e-emcmmc e e e c e o 98
8. As-received analyses of coal in southeastern Kaiparowits
region=-----=-m- - - m e e —eem e mmoea 217

viii



ABSTRACT

Upper Cretaceous strata in the southeastern Kaiparowits region of south-
central Utah consist of approximately 3,500 feet of interfingering sandstone,
mudstone, shale, and coal in the Dakota Formation (oldest), Tropic Shale,
Straight Cliffs Formation, and Wahweap Formation (youngest). The formatioms
consist of several depositional facies that can be recognized by characteris-
tic lithologies, bedding structures, and fossils; these are the alluvial
plain, deltaic plain, lagoonal-paludal, barrier sandstone, and offshore marine
facies. The distribution of facies clearly defines the paleogeography of the
region during several cycles of marine tramsgression and regression.

The nonmarine beds were deposited on a broad alluvial coastal plain that
was bordered on the west and southwest by highlands and on the east and north-
east by the Western Interior seaway. The marine beds were depositad whenever
the seaway advanced into or across the region.

The Dakota Formation and the lower part of the Tropic Shale were deposited
in nonmmarine and marine envircaoments while the shoreline advanced generzlly
westward actoss the region. The middle and upper parts of the Tropic Shale and
the Tibbet Canyon and Smoky Hollow Members of the Straight Cliffs Formation
were deposited in marine and nonwarine environments when the seaway had reached
its greatest areal extent and began a graduzl northeastward withdrawal. An
unconformity at the top of the Smoky Hollow represents a period cf erosion and
possibly nondeposition before deposition of the John Henry Member of the
Straight Cliffs.

The John Henry Member grades from nonmarine in the southwest to predomin-
antly marine in the northeast, and was deposited during cwo relatively minor

cycles of transgression and regression. The Drip Tauk Member at the top of the

(v

Straight Cliffs Formation is a widespread sandstone unit deposited mainly in
fluyial environments. Some of the beds in the northeastern part of the region
were probably deposited in marine waters during the final incursion of the
seaway into the Kaiparowits region. The overlying Wahweap Formation was de-

posited in nommarine envirooments.



Slight but continued tectonism during Late Cretaceous time is indicated
by lateral changes of facies and thickness variations that coincide at least
partly with present structures. These criteria indicate that Laramide tecton-
ism consisted of two phases. An early phase that lasted from about late Albia=z
fo late Campanian time included regional subsidence, basin downwarping, and
movement on local folds and faults. A later phase that lasted from late
Campanian to about late Paleocene time included regional uplift, monoclinal
flexing, and probable new faulting, as well as continued basin downwarping
and movement on local folds and probably on the older faults.

The principal economic resource in the Kaiparowits region is bituminous
or subbitumincus coal in the John Heanry Member. Because basin deownwarping and
movement on local folds occurred during deposition, the thicker and more con-
tinuous coal beds are in the ancestral synclines and the deeper part of the
structural basin., Presently indicated resources total 7.3 billion toans, but
considerably larger quantities are probably present in the unexplored parts of
the region. Several potential resources include ground water, titeniferous

sandstone, and possibly oil and gas.



INTRODUCTION

The Kaiparowits region in south-central Utah contains coal-bearing strata
of Cretaceous age that comprise a major undeveloped energy resource in the
Western Interior of the United States. In the southeastern part of the region,
much of the coal has been burned at the surface, and the resulting ash beds are
concealed by talus or are indistinguishable from baked mudstone and sandstone
except at perfect exposures in cliffs. At higher altitudes in the northeastern
part of the region, soil, talus, and vegetation conceal the coal beds. Because
of these factors, a detailed stratigraphic investigation was necessary in ordér
to understand the nature of the ccal deposits and to assist in a program of
classifying Federal lands in the region for their mineral value.

This report describes the general stratigraphy and the depositional facies
of the Dakota, Tropic, Straight Cliffs, and Wahweap Formations in the south-
eastern part of the Kaiparowits region. The stratigraphic relations in these
formations aud in younger formations in other parts of the region record sedi-
mentation by merine and nonmaripe processes and concurrent tectonism that is

described here for the first time.

Geography

The Kaiparowits region is in the southwestern part of the Colorado Plateau
Province in Kane and Garfield Counties, Utah (fig. 1). Most of the region has
an irregular outline, but the northeast side is a nearly straight erosional
escarpment named the Straight Cliffs., This escarpment is 1,000-2,00C feet high
and extends 50 miles southeast from Escalante, Utah. The maximum distance
across the region southwest from the Straight Cliffs is about 40 miles. The
Kaiparowits region is a plateau that is prominently higher ihan the terrain
that borders it on the northeast, southeast, and southwest. The northwestern
part of the region merges with the high plateaus of central Utah.

The nearest community is Glen Canyon City, Utah, on the southwest side of
Wahweap Creek canyon on U.S. Highway 89. About 6 miles south of the State line
on Highway 89 is the town of Page, Ariz. No permanent habitations exist in the
region, but during 1964-65, Resources Corp. maintained a camp appropriately

named ''Cretaceous, Utah" on Smoky Mountain about 2 miles southeast of Steamboat

w
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Rock. Access is mainly by jeep, but the northeastern area between Croton
Creek and the Straight Cliffs has no roads and access there is mainly by foot

or horseback. Cattle grazing is the main use of the land.

Previous Work

The earliest comprehensive geologic study of the Kaiparowits region was
made by H. E. Gregory and R. C. Moore during 1915-27 and was published in
1931. Earlier geologists passed through the region, but only a few observa-
tions and measured sections were published, and these are now mainly of histor-
ical interest. An excellent account of the geography and early exploration of
the region is given in Gregory and Moore (1931, p. 1-35). Geologic investiga-
tions afrer 1931 inclgded reconnaissance studies for uranium (Zeller, 1933) and
titaniferous sandstone (Dow and Batty, 1961), coal mapping in the Tropic, Utah,
area (Robison, 1966), and oil and gas exploration mainly in the northwestera

part of the region (summarized in Kunkel, 1965).

Present Investigations

The present study is part c¢f a comprehensive program by the U.S. Geological
Survey of mapping, evaluating, and classifying the mineral resources in pubdlic
lands in the Kaiparcwits region. 1In the summer of 1963, H., A. Waldrop began
geologic mapping of the Nipple Butte 15-minute topographic quadrangie in the
southern part of the region, and during the fall of the sane year the writer
began a combined project of geologic mapping in the Guesight Butte and Cummings
Mesa quadrangles and determining the stratigraphic relations of coal-bearing k
strata throughout the southeastern part of the Kaiparowits region. H., D.
Zeller, W. E, Bowers, and E. V. Stephens began mapping projects in the vicinity
of Escalante, Utah, in 1964, 1965, and 1966, respectively. The mapping by
Waldrop has been completed, and the results are currently being prepared for
puﬁlication. A brief preliminary report on the coal-bearing Cretaceous forma-
tions in the southern part of the region was published by Peterson and Waldrop
(1965), and a brief summary of the coal-bearing Straight Cliffs Formation was
made by Peterson, Bowers, Waldrop, and Zeller (1966) and Peterson (1969).
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"mation--Glen Caayon Division. Horses and packing during 1968 were furnished
by Walter Smallcanyon of Tonalea, Ariz., and McKay Bailey of Escalante, Utah.
The fossil collections were identified by the following: D. H. Dunkle,
Nicholas Hotton 3d, and G. E. Lewis (vertebrates); J. F. Mello (foraminifers);
J. E. Hazel (marine ostracodes); I. G. Sohn (fresh-water ostracodes); R. A,
Scott and R. H. Tschudy (spores and pollen); R. A. Scott and J. A. Wolfe
(wood, fruits, and leaves); R. E. Peck (charophytes); N. F. Sohl (gastropods).
Molluscs, worm tubes, corals, and broad categories of shark teeth and decapod

.

crustaceans were identified by W. A. Cobban and the writer.



METHODS OF STUDY

A geologic mapping program to cover the entire Kaiparowits region is
still in progress, although sufficient work has already been accomplished to
determine the stratigraphic relations upon which this report is based. The
various formations, members, coal zones, and coal beds are mapped at the scale
of 1:24,000 with plane table and alidade aided by high-altitude aerial photo-
graphs., In the stratigraphic study, significant beds or contact relations
were traced throughout the region wherever exposures and access permitted.
Sections of strata were measured by hand leveling or with 6- and 50-foot tapes,
although a 5-foct jacob staff and Abney level were used where the beds dip more
than about 5°. Approximately 330 published and unpublished sections, of which
about 60 were measured by persons other than the writer, were evaluated.
Nearly 19C sections are illustrated in this report, and due credit is given
where the sections were measured by others. Sandstone, mudstone, and shale

samples were collected from selected sections for laboratory analysis. Fossils

were collected throughout the region, and a summary list is given in the descrip-

tion of esach stratigraphic unit. Detailed information concerning each coilection

is given in the appendix.

Approximataly 1,300 measurements of the azimuth of dipping crossbedding
were made to determine the general direction of flow of fluvial and marine
currents. The results are plotted as rose diagrams that include: the number
of measurements in the center of the rose; the resultant, which is the vector
mean of the measurements; and the consistency factor, a numerical expression
for the consistency of direction of the individual measurements (Craig and
others, 1955, p. 146-147). A consistency factor of 1.00 would be obtained if
all the crossbedding dipped in the same directioh; a consistency factor less
than 0.20 indicates an insignificant trend (Stewart and others, 1959, p. 493).

The study of depositional facies generally proceeded along with the
mapping. Environments of deposition were determined first in areas where the
relations were reasonably clear, such as in a regressive sequeﬁée of beds or
where fossils were abundant. The distinguishing or characteristic lithologic,
bedding, paleontological, or other criteria were noted and evaluated with
respect to criteria in the literature. This was aided by the writer's previous

experience in studying Cretaceous rocks in the San Juan Basin of New Mexico



and examination during the spring of 1967 of similar modern environments of

deposition in the northern Gulf of Mexico coastal region. As the field

studies progressed, several categories of depositional facies were established,
tested, modified when necessary, and retested until a satisfactory and reason-
ably consistent scheme of broad facies classification of the strata was estab-
lished.

Laboratory investigations.consisted of qualitative and quantitative
déterminations of the major lithologies in the following manner:

Thin sections of 276 sandstone samples, mainly from four measured sec-
tions of the Dakota and Straight Cliffs Formations, were stained with Hdgberg
solution which stains calcite blue and leaves other carbonates unstained. The
unstained carbonate was determined as dolomite from X-ray analyses of 12
samples. The other constituents were identified by ordinary optical methods
that were aided, where possible, by the X-ray analyses., Three hundred points
(excluding cement) were counted in each thin section to determine mineral
percentages.

Other than quartz, many of the constituents of the nonmariue sandstones
have been altered to sil.- and clay-size materials, and the textural parameters
obtained from these rocks would not be representative of the original sediment
if the pavameters were based strictly on quantitative measurements of the
different sizes of materials. For this reason, median grain size and sorting
were obtained partly by comparison with standardized thin sections calibrated
by the methods of Friedman (1958, 1962) and partly by visual evaluation of
the size distribution of the quartz grains. Although this method is somewhat
subjective, the parameters thus obtained are more representative of the original
sediment than a purely objective evaluation of the materials. Another textural
parameter, the maximum clast diameter, was obtained by observation in the
field and is the intermediate diameter of the largest grain, pebble, or cobbhle
found at the outcrop.

" The sandstone classification (fig. 2) is a simplified version of a classi-
fication proposed by Gilbert (1958, p. 292-293). If the sandstone contains 10
or more percent matrix, it is termed impure (example, impure feldspathic sand-
stone), but the diagram is based only on the relative proportion of stable

grains, unstable grains, and feldspars.



Stoble grains

Quartz sandstone

Feldspars Unstoble grains

Stable grains = quartz, chert, and quartzite.
Unstable grains = clastic dolomite and clastic calcite.

FICURE 2.--Classifica’ ion of sandstones. Percentages indi-
cale relafive proportion of stable grains, unstavle grains,
and feldspars. All sandstones in this study cortain more
than 50 percent stable grains. Matrix is not included 'in
the diagraw but if 10 or more percent matrix is present Lhe
rock is termed impure (example, impure feldspathic sand-
stone) .



X-ray diffraction traces were run on 32 samples of shale and mudstone;

identification and quantitative measurements were made by the methods of
Schultz (1964) and Weaver (1958). Six traces were made of each sample; one
was on the unoriented powder sample, and five were run on the following
oriented aggregate samples: untreated, glycol treated, heated to 300°C,
heated to 550°C, and magnesium chloride treated. These methods permit chlor-
ite, kaolinite, illite, montmorillonite, vermiculite, biedellite, and mixed-
layer clays to be distinguished.

Rock colors were noted by comparison with the G.S.A. Rock-Color Chart
(Goddard, 1963), and bedding terminology follows the recommendations of McKee
and Weir (1953). Grain-size terminoclogy is listed according to the modified
Wentworth Grade Scale given in Dunbar and Rodgers (1957, p. 161l). Matrix in
the thin-section analyses includes clastic materials finer than coarse silt
size (finer than 1/32 mm). Where possible, locations are referred to the
measured sections (pl. 1), which eliminates the cumbersome quarter-section-

township-range nomenclature.
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ORGANIZATION

The Upper Cretaceous formations are composed of widely varying lithol-
ogies with complexly interfingering relations that are best understood in
terms of the environments in which they were deposited. For this reason,
the remainder of the report is divided into the following four chapters:

(1) Description of the lithologic character, general stratigraphic relations.
and age and correlation of the stratigraphic units; (2) the depositional
facies and the distribution of facies in the various formations; (3) sedi-
mentation and tectonism, in which the conditions of deposition are inter-
preted from the distribution of facies and the tectonic evolution of the
region is hypothesized from the lateral changes of facies and thickness

variations; and (4) economic resources.
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UPPER CRETACEOQOUS FORMATIONS

The Cretaceous rocks of the southeastern Kaiparowits region include the
Dakota Formation, Tropic Shale, Straight Cliffs Formation, and Wahweap Forma-
tion (table 1). Two other Cretaceous formations present in the northwestern
Kaiparowits region were not included in the investigations. These are the
Kaiparowits Formation and an overlying unnamed unit of mudstone and conglom-
erate recently discovered by W. E. Bowers (1968). With the possible.exception
of the poorly dated lower beds of the Dakota Formation, no Early Cretaceous
rocks are known to occur in the region.

Local conglomerate bads and lenses as much as about 80 feet thick occur
at the top of the Morrison Formation (Upper Jurassic) and can be easily
mistaken for basal beds of the Dakota., Lateral tracing in the field indicates
that these conglomerates interfinger with other lithologies at the top of the
Morrison and shiould not be included with other conglomerate beds that dc¢ occur
at the base of the Dakota.

The gecologic structure of che Cretaceous formations is fairly simple:
the beds generally dip less than 3° appreximately nortawest toward the struc-
turally deeper part of the Kaiparowits pasin, which is several miles northwest
.0f the area cf study shown on plate 1. Dips as much as about 10° occur in
the northeastern part ¢f the region at Grand Bench monocline and Croton syn-
cline and in a small area in the central part on the northeast flank of Smoky
Mountain anticline in the vicinity of Steamboat Point (T. 40 S., R. 3 E.).

The stecpest dips in the southwestern part are at Echo monocline where Creta-
ceous strata dip as much as 13° eastward. Displacement on the faults is
small; at Echo monocline the maximum noted by Waldrop and Sutton (1966a) in
Cretaceous rocks is 80 feet and the maximum displacement on faults in the

remainder of the region is 44 feet.
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TABLE 1.--Summary of Cretaceous formations in the southeastern
Kaiparowits region

SER~- STRATIGRAPHIC THICKNESS
STAGE DESCRIPTION
1ES UNIT (FT)
Top eroded
Interbedded gray to light-brown
Wahweap 1172+ - sandstone and yellowish-green
Formation 1502+ mudstone; locally fossilifer-
ous; nonmarine
. . Light-gray to light-brown sand-
Campanian Drip .
Tank 141~ stone and conglomeratic sand=-
Member 255 stone; nonmarine in southwest
g to partiy marine in northeast
ol
e Interbedded white to lighc-brown
g John N sandstone, yellowisn-green mud-
o ol 660- stone, carbonaceous mudstone,
. F Henry | — c Ay
Santonian " Member A[L1133 and coal; locally fossilifer-
e g @ ous; nonmarine in southwest to
Coniacian e — marine in northeast
m © 3 U formit
g o 3 nconformity —————i
2 E o < Interiedded white to brown sand-
~ - Smoky \ .
m o Hollow 24- stone, yellowish-grean mud-
= = , 132 stone, carbonacesus mudstone,
3 a Member and ceal; nonmarin
8 —— T Q 5 [} ine
o . Gray tc light-brown sandstons
) . Tibbet . .
N | Turonian : 70~ interbedded with gray mudstone
&) Canyon .
185 near base; fossils scarce;
u Member .1 .
g mainly marine
A
=] — Gray shale and calcareous shale,
610- grades to mudstone near base
Tropic Shale 205 and top; limestone concretions
in lower 40 feet; fossilifer-
ous; mainly marine
< Interbedded light-brown sand-
o Upper 0-68 stone and gray mudstone; local-
S member ly fossiliferous; mainly
8 brackish-water to marine
e [= o]
9 | | Cenomanian § S Interbedded gray to brown sand-
S f Middle $'4-76 stone, yellowishrgreen mud-
g & member | — stone, carbonaceous mudstone,
o o . .
5 2 — and coal; nonmarine
© (=] Lower 0-66 Gray to brown conglomerate and
H member sandstone; nonmarine
4 2 ?
5] !
-
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Dakota Formation

- The Dakota Formation was originally termed "formation no. 1" by Meek
and Hayden (1856) for a series of sandstones and clays at the base of the
Cretaceous System in eastern Nebraska. Later, the same authors used :the
name ''Dakota Group Formation No. 1" for the same beds and gave a morz ex-
panded discussion of the formation, noting that it also contained sezzms of
impure lignite (Meek and Hayden, 1861). In the Kaiparowits region, Cregory
and Moore (1931, p. 95) applied the term '"Dakota(?) sandstone" to "I:z=
irregularly bedded sandstone [that] includes sandy and carbonaceous shale,
poor coal, and locally conglomerate.'" Unfortunately, Gregory and Moore

"used paleontological criteria to distinguish the Dakota from the ovec-lying
Tropic Shale: "a rather arbitrary division of the lowermost Upper Crztaceous
strata has been made; the sandstone, coal, and shale below the lowes: marine
fossil-bearing beds are classed as Dakota(?), and the beds above the=,
including sandstcne and coal, are referred to the Tropic shale."

Lawrence (1965, p. 75-78) pointed out the inadequacy of formati:= con-
tacts based on the presence or absence of certain tvpes of fossils. e
redefined the Pakecta and Tropic Formations in southwestern Utah on z lith-
ologic basis and proposed that the upper coatact of the Dakota shouli be
"above the highest ledge-forming sandstone in the basal part of Grezcry and

Moore's Tropic." Because the Dakota contains an abundance of rock tpes

N

other than sandstone, Lawrence followed Van De Graaff's (1963, p. 67} sugges-
tion to call it the Dakota Formation. Lawrence also suggested dropring the
query after Dakota(?), a practice that has been adopted by many work:zrs in
other parts of the Colorado Plateau.

The advantage of Lawrence's redefinition is that the heterogenz:-us

lithologies of the Dakota Formation are clearly separated from the =ssential-

(i)

ly uniform lithology of the overlying Tropic Shale, and the redefinsZ forma-
tions are easily recognized, mappable units. Accordingly, Lawrence's
redefinition of the Dakota Formation and the Tropic Shale has been zZopted
throughout the Kaiparowits region. In the southeastern Kaiparbwits region,
however, it is significant to note that the contact separating the =iddle

and upper members of the Dakota as used in this report is essentiall:r the same
contact that Gregory and Moore intended to separate their "Dakota(?} sand-

stone'" and "Tropic shaie."



The Dakota Formation ranges in thickness from 14 to 168 feet and con-
sists mainly of mudstone, carbonaceous mudstone, sandstone, conglomerate,
and coal. The formation weathers to a series of dark ledges and slopes
above the light-gray cliffs of the underlying Jurassic formations and below
the dark-bluish-gray slopes of the overlying Tropic Shale (figs. 3, 4, 5).
The Dakota is here divided into the lower, middle, and upper members for

purposes of stratigraphic discussion and synthesis.

LOWER MEIMBER

The lower member of the Dakota Formation consists mainly of chert-~
pebble conglomerate in the southwestern part of the region near Wahweap
Creek. Farther northeast, the member consists mainly of pebbly sandstone
or sandstone. The member commonly forms cliffs or ledges, and where less
than about 5 feet thick it is generally concealed by talus.

The conglomerate is generally yellowish gray (6Y 8/1), and the clasts
are composed mainly cf chert (which includes silicified limestone) wich less
than about 10 percent quartzite, petrified wood, and feldspathic sandstone
pebbles. The estimated median diameter of the clasts 1is about 0.5 inch and
the intermediate diameter of the largest cobbles is about 4 inches. Approxi-
mately 10-20 percent of the conglomerate is composed of sand=-, silt-, and
clay-size matrix, and the beds are poorly to moderately cemented by calcite.
The following composition is from a count of 447 pebbles made near Wahweap
Creek and is typical of the lower member.

Composition of pebbles in conglomerate in lower member
of Dakota Formation (meas. sec. 12)

Percent
Chert-=------cecmc e ccccmcn e e 91
Graye=-=--=cmccccmcmcecmaaa- 41
Gray, contains fossils------- 5
Blackes~==cocmcmcmmmcmcnca e 17
White-==wecccmc-ccmenccncacan 14
Orange==-=--=-m=e--=cmcec-cc-on 7
Banded black and white------- 5
Redewcmecmma e m e e e e e m e e 2 .
Quartzite=----==---mcecmmccaaa e anaae 6
Petrified wood==-=--ecmcccmmcccnunan--a 2
Feldspathic sandstone------==-=c-=-u- 1
100
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Sandstone and pebbly sandstone is interbedded with the conglomerate
or is the dominant lithology in the central and northeastern parts of the
region. The sandstone is generally yellowish gray (5Y 8/1) or locally light
brown (5YR 5/6), fine to coarse grained, poorly to moderately sorted, and
poorly to moderately cemented by calcite or rarely by silica. Black graims
and flecks of carbonaceocus material are locally common and help to distin-
guish these beds from sandstones at the top of the underlying Morriscn For-
mation. In thin section, many of the grains are well rounded or fcagmented
with a few well-rounded edges still preserved. The quartz grains are
strained, and inclusions in the quartz are absent or of the regular, irreg-
ular, or acicular types (Mackie, 1897, p. 152). The feldspars and accessory
mirerals are a small and almost insignificant part of the total mineral
assemblage. Most of the clay minerals in the matrix have the optical proper-
ties of the kaolin group of clay minerals (Kerr, 1959). The following compo-~
sition is an average of the modal analyses shown on plate 2. According to
the classification used in this report, a rock of the following composicion
would be termed an impure quartz sandstone.

Average of eight nocal analyses, in percent, of sandstone In lower
member of Dakota Formation (cement not included)

All Constituents
constituents (1) ( 2, (B
(1) Stable graing=e======e--c-emmeeceeae e cccmceeaaeaa 87 99
QuUartzer-sr=memrm e e mem e 80
Chertem-=--mecccccccc e e mem e ece e = 6
Quartzite~~--=--cemmmeemre e cccn e m o 1
(2) Feldspars==---=c-c-mecememmr e memmne e e meenen-
(3) Unstable grains=----=-cc-eccmcemcncrccmccmnec e 0 0
(4) Matrixe=------ccmomeccmcee e Cecem e 12
(5) Accessory minerals (biotite, muscovite,
tourmaline, zircon)==---c-eccccmmcrmr e <1
100 100

Bedding is generally indistinct in the conglomerates and sandstones of
the lower member. In the southwestern part of the region, the member contains
small channels that are about 10-30 feet wide and 5-10 feet deep. Larger
channels 1-2 miles wide are present at the base of the member and probably

were small stream valleys that trended northeastward (pl. 3). The
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lithologies in both types of channels are not significantly different from
those in the rest of the member. The bedding, where present, consists of
low- to high-angle medium- to large-scale trough cross-stratification that
dips down the axis of the channels.

Minor lithologies in the lower member include dark-gray (N3) carbona-
ceous mudstone that is slightly more silty than carbonaceous mudstone in the
overlying middle member and scarce beds of light-gray (N7) to dusky-yellow
(5Y 6/4) bentonitic mudstone. The mudstone occurs in lenses as much as
about 5 feet thick and also as tongues of the middle member.

The lower member is 0-66 feet thick, and this variation is attributed
to several factors: 1interfingering with the middle member, channeling at the
base, erosion by streams during deposition of the middle member, or local
nondeposition., Although this suggests complete randomness in thickness vari-
ations, two generalizations can be made that have significance as far as
deposition is concerned. First, the lower member generally thins northeast-
ward from Wahweap Creek to Fiftymile Point, indicating that the main source
area was to the southwest. Second, the member is thicker in synclines and
downtarown faulc blocks and thinner in anticlines and upthrown fauit block
in several parts of the region, indicating that the folds and faults were
probably growing tectonic features during deposition.

The basal contact of the lower member is a disconformity with as much
as 40 feet of relief in amy local area (pls. 3, 4). In a regional sense the
unconformity is slightly angular, and the Dakota rests on successively older
Jurassic formations from northeast to southwest (fig. 6).

The upper contact of the lower member is concealed by talus and soil in
many places, but where exposures are adequate the lighter colored sandstone
and conglomerate of the lower member contrast sharply with the darker mud-
stone and sandstone of the middle member (fig. 3).

Fossils are rare in the lower member, and only a few poorly preserved
fragments were found in a conglomerate hed about 5 miles east-southeast of
Glen Canyon City. These were identified by Nicholas Hotton 3d.and D. H.
Dunkle as carapace fragments of a turtle that could have been a mud turtle.
The lower member is probably about early Cenomanian in age on the basis of
stratigraphic position beneath the middle member which is probably about

early to middle Cenomanian in age, interfingering of the upper part of the
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lower member with the lower part of the middle member, and the lack of uncon-
formities in the Dakota. Direct evidence is lacking, however, and part or
all of the lower member conceivably could'be of late Early Cretaceous age.

Some of the chert pebbles contain fossils that collectively indicate a
source of late Paleozoic age. A list of these fossils from throughout the
region follows. .

Fossils in chert pebbles in the lower member
of the Dakota Formation

Protozoa
Undetermined fusulinids

Coelenterata
Syringopora? sp.

Echinodermata
Undetermined pelmatozoan columnals

Bryozoa
Archimedes sp.

Brachiopoda
Undetermined articulate forms

MIDDLE MEMDER

The middle member of the Dakota Formation is a ledge- and slope-forming
unit of interbedded sandstone, mudstone, carbonaceous mudstene, and cocal.
The rocks weather brown, yellowish green, or black and are fairly well exposed
in the southwestern and central parts of the region but are poorly exposed
in the northeastern part of the region (figs. 3, &4, 5).

The sandstone beds are light gray (N7) to grayish orange (10YR 7/4) and
yellowish gray (5Y 7/2), very fine to fine grained, moderately sorted, and
cross-stratified. Fluvial channel sandstone beds in which the crossbedding
dips consistently in cne direction down the axis of the channel are cormmon
in the southwestern and central parts of the region (pl. 5). Scattered
quartz and chert granules or small pebbles occur locally at the base of the
channels, and leaf impressions or plant fragments are scarce but occur
locally at the top. .

The sandstones consist mainly of subangular to subrounded slightly
strained quartz grains containing all the major types of inclusions. The
feldspars amount to less than 5 percent of the rock and are mainly‘of the

plagioclase varieties (oligoclase and andesine), although scarce potassium




feldspar is also present. The clastic dolomite grains are polycrystalline
aggregates or monocrystalline grains. Approximately 10-20 percent of the
sandstone is silt- and clay-size matrix in which most of the clay minerals
have the optical properties of the kaolin group. The accessory minerals are
a small and almost insignificant part of the mineral assemblage. Most of
the sandstones are well cemented by calcite. The following composition is
an average of the modal analyses shown on plate 2. According to the classi~
fication used in this repert, a rock of the following composition would be
termed an impure quartz sandstone.

Average of six modal analyses, in percent, of sandstone in the
middle member of the Dakota Formation (cement not included)

All Constituents
constituents (1), (2), (3)
(1) Stable grains=-===-----=--e-ccmcomacoann 75 89
Quarta-=----vmmmree e e 71
Cherte=--v=w-cmcmmmccere e e 3
Quartzite-=---==ccmemceenaa-a 1
(2) Feldspars=sm--==---moccmemmce e 2 3
(3) Unstable grains-=-----=-vomemcoeumanaunn 7 8
Clastic dolomite-m=mmceeee-nem 7
() Matrige-==-ec-merec e rr e e eee e 15
(5) Accessory minerals (biotite,
garnet, glauconite, muscovite,
tourmaline, zircon)-~-=----=-c-eccm-ua 1
100 160

Dusky-yellow (5Y 6/4) to light-olive-gray (5Y 5/2) mudstone that
weathers to a yellowish-green color is the most abundant type of mudstone
in the southwestern and southern parts of the region. It is very thin to
thin bedded. Sample 222 in table 2 is from an outcrop that is typical of
the dusky-yellow lithology and shows a mixture of about 10-20 percent each
of quartz, calcite, kaolinite, illite, and mixed-layer clays and a small
amount of chlorite. Sample 221 (table 2) is from light-olive-gray mudstone
and shows somewhat larger percentages of quartz, montmorillonite, and mixed-
layer clays and somewhat lower percentages of chlorite, kaclinite, and
illite. Montmorillonite in the mixed-layer clays causes the rock to swell
slightly when moistened, thus meriting the descriptive term "bentonitic."
Small blackish-red (5R 2/2) to moderate~brown (5YR 4/4) concretions composed

mainly of siderite occur locally in these beds.
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*
TABLE 2.--X-ray diffraction analyses, in percent, of mudstone and
bentonite from the middle member of the Dakota Formation

Benton- Carbon- Light-olive~ Dusky-
ite aceous gray mudstone yellow
muds tone mudstone
Sample number: 183 2290 221 222

Major constituents:

. Quartze--=---=ccemeecceoeaoo 0 14 30 20
Potassium feldspar=--------- 0 0 2 6
Plagioclase feldspar-------- 0 0 0 2
Calcite==-==-cccecacccconomo 0 0 1 11
Dolomite--==--cocmeececunua" 0 0 0 8
Gypsum==--c==cms oo me e 0 0 0 1
Clay minerals==--=-ccccccoue 100 86 67 52

Clay minerals:

Chlorite=--====cccccmcoaona- 1 0 1 6
Kaoclinite=-=---cwevcecw-cucrcna 11 71 11 17
Illite=---~-mmmemmcecmcmraa 0 0 7 11
Montmorilleonite-----c=vooeu- 17 7 16 1
Mixed-layer®emmmeammcammaonn 71 8 32 17
Clay minerals as proportion of

clay fracticm:

Chlorite---==--cmwc-ccccc-cnaa 1 0 1 11
Kaolinites==---wommccacuc—uo 11 83 16 32
Il1lite=-=--m=cmcmccccmnu- 0 0 11 22
Montmorillonite~-==---c----- 17 8 24 1
Mixed-layerSee-eecemccmaooon 71 9 48 34

Location of samples

183. Middle member, 9 ft above base of formation; Sit-down Bench, near
meas. sec. 86; from bentonite marker bed.

220. Middle member, 21 ft above base of formation; south side of Smoky

: Mountain, meas. sec. 38.

221, Middle member, 34 ft above base of formation; same locality as
220,

222, Middle member, 40 ft below top of formation; south side of Nipple
Bench, near meas. sec. 18.

* = mixed-layer illite-montmorillonite clays.
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Pale-brown (S5YR 5/2) to black (N1) laminated to very thin bedded car-
bonaceous mudstone is the most common type of mudstone in the central and
northeastern parts of the region. Sample 220 in table 2 is from an outcrop
that is typical of this lithology and shows a composition predominantly of
kaolinite. The abundance of carbonaceous materials and the association with
coal beds indicate that this lithology was deposited in paludal conditionms,
and according to Keller (1957), kaolinite is the common end product of authi-
genic processes acting on clay minerals in this type of enviromment.

Minor, but significant, lithologies in the middle member include four
coal beds and a bentonite marker bed. The coal beds are designated by
numbers 1 to 4, with coal bed 1 as the oldest and coal bed 4 as the youngest.
Some of the coals reach a maximum thickness of about 4 feet, but this is rare
and generally they are less than about 2 feet thick. Coal bed 4 cccurs at
the top of the middle member and usually can be identified by lateral persist-
ence along the outcrop and by means of fossils or key sandstone beds just
above in the upper member of ths formation. The bentonite marker bed occurs
between coal beds 1 and 2 and is an ideal marker bed that, as a rcugh rule ¢of
thumb, lias abeut at the top of the lower third of the middle member. Exact
correlation of the lower three coal beds is generally not possible where this
mar<er bed is missing or where the coals are only a few inches thick. The
bentonite bed is as much as about 2 feet thick but generally is less than 1
foot thick. Anm analysis of clay minerals from this bed (sample 183, table 2)
indicates that it is composed mainly of mixed-layer clays and a small quantity
of montmorillonite and kaolinite.

The middle member is a maximum of 76 feet thick at Wahweap Creek and
irregularly thins northeastward to a minimum of 4 feet at Fiftymile Point
(fig. 7; pls. 6, 7, 8). Like the lower member, the middle member thins over
depositional highs that coincide with anticlines or some of the upthrown
fault blocks and thickens in synclines and some of the downthrown fault blocks.

The upper contact of the middle member is the top of coal bed 4 or
equivalent strata. This contact is sharp and is marked by the-highest coal
or carbonaceous mudstone bed in the Dakota throughout the central and north-
eastern parts of the region. Near Wahweap Creek a few higher thin cocal beds
are present, but the contact can be distinguished readily by brackish-water

fossils in beds immediately overlying coal bed 4. Marine or brackish-water
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fossils have not been found in the middle member, and apparezzly they are
restricted to the upper member of the formationm.

Megafossils are rare and are poorly preserved in the micile member.
The fluvial channel sandstones locally contain a few bone frzzments, but
the beds are too well cemented and the fragments too small tc merit collec-
tion., Fossils collected by H. A. Waldrop and the writer inclu:de a fresh-
water pelecypod, Unio n. sp., identified by W. A. Cobban, arnd undetermined
plant leaves. The microfossil genera listed below are from s :uples collected
by H. A. Waldrop and the writer from strata in the middle mez=>er between
the bentonite marker bed and coal bed 4; they were identifie< 5y R. A. Scott
and R, H. Tschudy.

Spore and pollen genera in the middle member
of the Dakota Formation

Botryococcus Gleicheniidites
Anemia Monosulcites
Cicatricosisporites Tricclpopollenites
Arvpendicisporites Retitricoipirces

According to R. A. Scott and R. H. Tschudy (oval commun., 1986), the

tricolpate pollen indicate an age no older than Albian, Thz :bsencs of
angiosparm pcllen cther than the tricolpate type suggests an 2z2 o younger
than Cenomanian, and late Cenomanian index fossils in overlying beds in the
upper member of the Dakota confirm this. Another sample col.:zcced by H. A.
Waldrop from strata in the middle member belcw the bentonite =zarker bed
contained a florule similar to the above but it lacked tricc_:-orate and
other complex pollen grains. According to R. A. Scott (oral zommun., 1966),
this florule is not diagnostic but would not be inconsistent with an Early
Cretaceous age.

Stratigraphic and paleontological criteria from nearby r=gions offer
somewhat conflicting evidence for the age of the lower and =ZZdle members of
the Dakota in the Kaiparowits region. About 90 miles northwzst of Wahweap
Creek near Cedar City, Utah, Paul Averitt collected the Earl+ Cretaceous

pelecypod Protelliptio douglassi (Stanton) from strata reass:gzned to the

Dakota by Lawrence (1965, p. 80-83). The fossil came from z thin limestone
bed about 400 feet below the top of the Dakota whidh, in thaz area, is about
1,075 feet thick (Averitt, 1962, p. 26). Lawrence (1965, p. 31, fig. 4)

showed that the Dakota thins eastward from Cedar City to the Xaiparowits
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region mainly by thinning in the middle of the formation, and thus a lower
undetermined part of the Dakota in the southeastern Kaiparowits region
could be of Early Cretaceous age., On the other hand, palynomorphs from the
Dakota Sandstone in Black Mesa basin of northeastern Arizona suggest a
Cenomanian age (Agasie, 1969).

In the Kaiparowits region, the contact between the middle and upper
members of the Dakecta is marked by a change in environments of deposition,
Sut the contaét apparently is not an unconformity and the middle member is
probably only slightly older than the upper member. The late Cenomanian

cephalopod Metoicoceras defordi Young was found in the upper member, and the

close relationship of the two members suggests that the middle member is

probably about early to middle Cenomanian in age.

UPPER MEMBER

The upper member of the Dakota Formation is composed of sandstone, mud-
stone, and shale and minor amounts of carbonaceous mudstone and cocal. The
thicker sandstone beds crop out as prominent cliffs and ledges, but the less
resistaat bads form slopes that are commonly conceeled by talus. The member
interfingers with the lower part of the Tropic Shale, and many of the mud-
stone and shale bads are tongues of the Tropic that are too thin to map
separately,

Sandstone beds in the upper member are grayish orange (1lO0YR 7/4) to
moderate brown (10YR 5/4) and very fine to fine grained with indistinct or
irregular very thin to thin bedding or scarce low-angle medium-scale cross-
bedding. The sandstones consist mainly of subangular to subrounded slightly
strained quartz grains containing all the major types of inclusions. Feld-
spar is scarce and generally of the plagioclase varieties (oligoclase and
andésine), although rare potassium feldspar is also present. The clastic
dolomite grains are polycrystalline aggregates or monocrystalline grains.
The matrix is composed of silt- and clay-size constituents in which the clay
minerals have the optical properties of the kaolin group. Glauconite amounts
to as much as 2-3 percent in some of the thin sections, although the other
accessory minerals are a small and almost insignificant part of the mineral
assemblage. Except for the glauconite, these sandstones have essentially

the same mineralogy as those in the middle member. The following

28




composition is an average of the modal analyses shown on plate 2. According

to the classification used in this report, a rock of the following composi-

tion would be termed an impure quartz sandstone.

Average of nine modal analyses, in percent, of sandstone in
upper member of Dakota Formation (cement not included)

All Constituents
constituents (1), (2), (3)
(1) Stable minerals=-=--=-c-ccmcommoneanan 78 91
Quartz------c-memmecceeeeao 74
Cherte---==cmecccmccecnenao 3
Quartzite-----------=cco-a- 1
(2) Feldspars==-==-==-==emccocmcmccncnana 2 2
(3) Unstable minerals===-=-=c--=ucocao-ooo 6 7
Clastic. dolomite~=-==-==v=-- 6
(4) Matrixe------cemomcemcre e cmees 13
(5) Accessory minerals (biotite,
garnet, glauconite, musco-
vite, tourmaline, zircon)---------=- 1
100 100

Mudstone and shale beds in the upper member are medium dark gray (N4)
to dusky yellow (5Y 6/4) and laminated to thin bedded. The mineralogy is
probably similar to that of the lower part of the Tropic Shale. Mincr
lithologies that occur in the southwestern part of the region are dark-gray
(N3) to black (N1) laminated to very thin bedded carbonaceous mudstone,
thin blackish-red (5R 2/2) fossiliferous beds of siderite 1-2 feet thick
that occur locally at the base of the member, and thin coal seams less than
1 foot thick. Thin coquinoid mudstone or sandstone lenses that contain
numerous oyster shells are generally present at or near the base of the
member throughout the region.

The upper member is 37-68 feet thick in the southwestern part of the

region in Wahweap Creek valley (fig. 3). A conspicuous ledge-forming sand-

stone bed as much as 17 feet thick and containing numerous Exogyra levis
Stephenson in the upper 1-2 feet occurs at the top of the membér in the
southwestérn area and clearly marks the upper contact. This bed pinches
out eastward from Wahweap Creek, and the upper contact is, therefore,

lowered to the top of the next highest underlying sandstone bed (fig. 7).
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Conspicuous sandstones are absent in the central part of the region where

the contact is placed at the top of a fossiliferous sandstone bed 1-3 feet
thick that overlies the middle member (fig. 4). Another conspicuous ledge-
forming sandstone bed as much as about 20 feet thick and also containing
numerous E. levis in the upper 1-2 feet is at the top of the upper member

in the northeastern part of the region (figs. 7, 5). This bed is slightly
older than (and is not the same bed as) the ledge-forming sandstone bed at
the top of the member in the southwestern part of the region. Thin coquinoid
mudstone and sandstone beds about 0-3 feet thick that contain abundant
oyster shells are common at the base of the member and aid in distinguishing
the lower contact. The lowest of these beds contains scarce pebbles and
rare cobbles of black chert as much as 3 inches in diameter and rare light-
gray quartzite pebbles as much as 1% inches in diameter; some of the chert
pebbles and cobbles contain fusulinids, tabulate corals, and peilmacozoan
columnals.

Fossils are locally abundant and moderately well preserved in the sand-
stone and ccquinoid beds but generally are poorly preserved or praseyved as
external molds in the mudstone and shale beds. The fetliowing lists are of
fossils collected frem the upper member of tlie Dakota and correlative beds

in the lower part of the Tropic Shale below the faunal zone of Sciponoceras

gracile (Shumard). Considering the eantire southeastern Kaiparowits region,
these beds can be divided into a threefold vertical sequence of units that
are based on the distribution of lithologies and interpretations of the age
and conditions of deposition. The three units are related to Western
Interior faunal zones in the following paragraphs because of the need to
consider the strata in terms of time, but the boundaries of these zones may
be somewhat arbitrary. From oldest to youngest, the faunal zones that are
inferred or indicated for strata in the upper member of the Dakota and the

lower part of the Tropic are: =zone of Dunveganoceras pondi Haas, zone of

Dunveganoceras conditum Haas, and zone of Dunveganoceras albertense (Warren).

The fossils were collected by H. A. Waldrop and the writer, and the identi-
fications were made by W, A. Cobban, D. H. Dunkle, Nicholas Hotton 3d, and

the writer.
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Fossils in the zone of Dunveganoceras pondi Haas

Pelecypoda
Barbatia sp.
Ostrea prudentia White
Ostrea sp.
Plicatula hydrotheca White
Anomia sp.
Brachidontes multilinigera (Meek)
Corbicula? sp.
Lucina sp.
Cardium sp.
Corbula sp.

The zone of Dunveczanoceras pondi Haas is inferred for about 2-7 Zzet of

interbedded mudstone, shale, and sandstone at the base of the upper mez=ber
of the Dakota in the northeastern part of the region and for correlati-es

strata farther southwest (fig. 7). Index fossils were not found, and :he

presence of the zone is suggested by (1) Ostrea prudentia which indiczzes a
late Cenomanian age and possibly an age no older than the zone of D. z:adi,
according to Cobban and Reeside (1952, p. 1017); (2) the sharp change In
environments of depcsition at the base of the inferred zone of D. por:ii in
the Kaiparowits raogion, which may correspond to the sharp change in iiI:hology
(frcwm shale to limestone) at the base of this zone in the Great Plains
(Cobban and Reeside, 1952; Hattin, 1965, p. 44); and (3) the position >eneath
overlying beds that contain fossils indicating the next younger zone <I D.
conditum. Ths paleontologic evidence suggests that these beds belong in the
zone of D. pondi, but the evidence is not conclusive and some or poss.>ly

all of these beds could be in the younger zone of D. conditum. The izferred
presence of the zone of D. pondi in the southeastern Kaiparowits regica
suggests that these beds correlate approximately with the Lincoln Limzstone
Member of the Greenhorn Limestone (table 3) in the standard reference se-

quence of Cretaceous formations for the Western Interior (Cobban and “zeside,

1952).
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Fossils in the zone of Dunveganoceras conditum Haas

Pelecypoda Gastropoda
Pinna petrina White Gyrodes? sp.
Phelopteria sp. Cephalopoda -

Ostrea sp.
Exogyra levis Stephenson
E. olisipcnensis Sharpe

Metoicoceras defordi Young
M. cf. M. whitei Hyatt

Plicatula hydrotheca White Vertebrata--Osteichthyes (bony £fish)
Plicatula sp. Undetermined pycnodontoid tooth
Corbicula? sp. Undetermined fish scale

Cardium cf. C. pauperculum Meek
Cardium sp.

Callistina? sp.

Ccrbula sp.

The zone of Dunveganoceras conditum includes the uppermost sandstone bed

in the northeastern part of the region and correlative strata farther south-
west (fig. 7). The upper 1-3 feet of the sandstone bed in the northeastern

part of the region contains abundant Exogyra levis and a small number of

E. olisipcnensis and Plicatula hydrotheca. At Fiftymile Point this bed thins

to 1-5 feet and the fossil fauna is more varied, containing Callisctina? sp.
(locally abundant), Card:um sp., Corbula sp., E. levis (lecally abundant),

E. olisiponensis, QOstrea sp., Phelopteria sp., Pinna petrina, Plicatuia sp.,

Gyrodes sp., and Metoicoceras defordi. The mudstone ard shale facies of

this sandstone bed southwest of Surprise Valley contains Cardium cf. C.

pauperculum, Corbicula? sp., Corbula sp., E. levis, Plicatula hydrotheca,

fish scales, and a pycnodontoid fish tooth.

The boundaries of the zone of Dunvegancceras conditum are placed rather

arbitrarily at the top and the bottom of the sandstone bed in the northeast-

ern part of the region in which the index fossil Metoicoceras defordi was

found. The index fossil was found in the upper sandstone bed of the Dakota
at Fiftymile Point (meas. sec. 138, fig. 7). W. A, Cobban (oral commun.,

1966) identified the fossil as the densely ribbed species of Metoicoceras

found in the range zone of D. conditum in Montana (Cobban, 1953, p. 47) and

restricted to that zone in the Western Interior. Metoicoceras defordi

indicates that these beds are of late Cenomanian age and correlate approxi-
mately with the lower part of the Hartland Shale Member of the Greenhorn
Limestone (table 3) in the standard reference sequence of Cretaceous forma-

tions for the Western Interior (Fisher and others, 1960, p. 23).
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Fossils in the zone of Dunveganoceras albertense (Warren)

Pelecypoda
Inoceramus aff. I. concentricus Parkinson
Inoceramus sp.
Ostrea prudentia White
Ostrea sp.
Gryphaca newberryi Stanton
Exogvra levis Stephenson
E. olisiponensis Sharpe
Plicatula hvdrotheca White
Brachidontes multilinigera (Meek)

Cymbophora? sp.
Corbula sp.

Cephalopoda
Neocardioceras? sp.

Vertebrata--Chondrichthyes (sharks and skates)
Scapanorhynchus subulatus (Agassiz

The zone of Dunveganoceras albertense is inferrad for the 18-foot sand-

stone bed at the top of the Dakota in the southwestern part of the region
and for correlative strata in the Tropic Shale fartrer northeast (fig. 7).
In the northeastern part of the region, the zone includes strata from the
base of the Tropic up to the base of beds containinz limestone concretions

with Sciponoceras zracile (Shumard). 1In the southwzsrern part of the region,

the upper 1-3 feet of the upper sandstone bed of the Dakota contains abundant

Exogyvra levis and a small number of E. olisiponensis, Ostrea prudentia, and

Plicatula hvdrotheca. South of Wahweap Creek (meas. sec. 51, pl. 6), strata

in the lower part of the zone contain several thin coquinoid beds with
abundant QOstrea sp., and strata in the upper part contain Corbula sp.,

Cymbophora? sp., Inoceramus aff. I. concentricus, and QOstrea sp. Fossils

in the mudstone and shale beds in the central and northeastern parts of

the region are not common, but Gryphaea newberryi, I. levis, Neocardioceras?

sp., and Scapanorhynchus subulatus were collected there.

Index fossils were not found in strata here assigned to the zone of

Dunveganoceras albertense, but the zone is inferred by QOstrea prudentia

which suggests an age no younger than about the zone of D. albertense
(Cobban and Reeside, 1952, p. 1017) and by stratigraphic position between

beds containing index fossils for the zones of D. conditum and Sciponoceras

gracile. The inferred presence of the zone of D. albertense suggests

approximate correlation with the upper part of the Hartland Shale Member of
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the Greenhorn Limestone (table 3) in the standard reference sequence of
Cretaceous formations for the Western Interior (Fisher and others, 1960,
p. 23). “

In conclusion, the upper member of the Dakota and the lower part of
the Tropic Shale are of middle to late Cenomanian age on the basis of fossil
evidence. The age of the lower and middle members of the Dakota is uncertain
because of lack of age-diagnostic fossils, but the lack of unconformities
and the apparently continuous sequence of deposition throughout the formation
suggest that tha lower and middle members are probably of about early to
middle Cenomanian age. On the basis of evidence cited in the preceding para-
graphs, the Dakota Formation is correlated with the Dakota Sandstone of the

Black Mesa and San Juan Basin regions, as shown in figures 8 and §S.

Tropic Shale

The Tropic Shale was originally named by Gregory and Mcore (1931, p.
98-99) for gray shale unit between the Dakota and Straight Cliffs Formations

utheastern

C

near the town oif Tropic, Utah, about 30 miles northwest o the g
Kaiparcwits region. Gregory and Moore also included coal and fossiiiferous
sandstone beds at the base with the Tropic Shale, but in the southeastern
Kaiparowits region these lithologies are included in the upper member of the
Dakota in accordance with Lawrence's (1965) study and recommendations. As
thus restricted, the Tropic is dominantly a thick gray shale unit that
weathers to broad slopes and benches or forms cliffs where overlain by
resistant sandstone beds at the base of the Straight Cliffs Formation (figs.
10, 11).

Several faunal zones are either known to be present in the Tropic Shale
or are inferred from indirect evidence; they are listed here as an aid in
- describing the lithologic and faunal variations of the formation, but they
are not rock stratigraphic units, From highest to lowest these are:

zone of Collignoniceras hvatti (Stanton) -
zone of Collignoniceras woollgari (Mantell)

zone of Inoceramus labiatus (Schlotheim)

zone of Sciponoceras gracile (Shumard)

zone of Dunveganoceras albeltenve (Warren)

zone of Dunveganoceras conditum Haas

zone of Dunveganoceras pondi Haas

34




‘urI1n

TRUOZTIY ‘UO0TSoX vSO MOoe[Y pue

‘uorfox «rtmoaediey ut

TUOTIPTI0] SNODOBIDIY JO UOTIR[OIA0D--'Q NINDIL

RERRRRRERANRRENRY

AINIRSRRRRERRNREAEY

L

uoljowioyd s§imoiodioy

$iun ajo19wojbuos puo auoispniyy

=== 3u0yspuDS DoYRQ - uoj4pwiog vioyeg UDUDWOUI)
- -
2|0YS SOJUDW ajoys 2idosy
——— JaqWall auojSpuUDS Jamo = 13QWIN UOAUD) $9GqIL
2UO0LSPUDS JamoT) _ q isp 3162 [065 Toquan | ]
J2qwaw SN0adIDU0QIDI 3|PPIN 3007 U3ii0g Moy} }OH
13qwaw 3auo}spups i1addn paq 031100 Ajows ] upjuoiny)
UDI}0WI0] 0A310L]
[ uoj4owiogd sy41jJ H4YoioMS
9|0Yys  aujioy L anbuoj auojspnw Jamoq) uDJIDJUO)
2uUD}SpPUDS J19ddf) =S 3uoySpuns y > 9u0z |DOD lam A
2uo4spuos g ]
uojjowiog odam - 3UO4SpUDS 5 —ouoz 1000 U3sUdsSIY) P
uDjUOUDS
JE— aU0}SpuDs g —=
- INBUs auoz
TTTT] auots uE auoyspuos 3 = 002 §33
\J\Jl\\\ i Joaan 3U6i5pUDs 3J > ! Y
auojspuos 9 =
auoz |00d AaAjy P ;waEus_ Aiusy uyor
13qWaW yuoy dug ]
' uo|jowiod dbamyom
upjuodwo)

UDHYIHI4SIDN

SN0IJDYIIY JIMOT]

$N03JD}34D Jaddn

(9661 ‘ebpd pub bujuuadey puo
‘GO 6| 'uoXIQ pub juouwinpag Wodj patjipow)
ouozjy ‘uoibes vpsap Yoo|g

yoin

(t10das siyy)
‘uo)bes sjimosnd|oy

aboys

35

P VU 81




"X N ‘uTSseq uenf ueg pue

‘yean ‘uoifoa sitmoavdrevy urt

SUOTIRPWIOY SN02D5E1D1) JO UOTIIRTIIIOD--'§ YYADIJI

uo|4D X i
:ségsoe;m L L T T g
= duocjspuns ojoyog — = uo1jowiod D4o0x0Q uoruowouay |2
[l - o
—— -
| JIGWIW 2AUOISIW|T] UIOoYuad3ly v 9)oys 2{dos) ®
Q
= Jaqwaw uoAub) 1aqqi) Q
_Mczm moucoz_ FEXDTEYY m.cz,w $043UDIO 3u67 1060 T 35qwaN | 2
9uo0z uailog - MOjloH Ll
< Jjoquay aUo0jSpuUDg zado-) pbuonp - paq 091107 Axowsg uDluoan]
auogspung dnjjn9 i—.
J9quap |po) odjig
uH ! uojjouwlog S43110 4YyDioMS
0:0:0.- OHOINW H anbuoy auofspnuw EEL Ul M uDI201U0)
Aaa&uz 2U0}SpPUDS U04ipQ Jaquap 9uU04SpuUDS Y > 3uoZ |D0d Jamo o
e —"uaiiog ydiiog | | BUOISPUDS § —> | 7]
1009 uosqlo :o:w::nh_ SUOLSPUDE J 2 |D0d UBSUASIYDD> N
< anbuo) u__m”o”w_uo 3uosspuds g —>—| Buoz tuoyuos
anbuoy auU0§SpuDS |00 $33Yy
anbuoj unjog auoyspnw nn.
Jaddn duoyspuns 4 °
auoispuos 9 F YT RITT ®
auoz 002 KoY \\_._wuasmz 1uaH uyor| _ 0
Jaquwap wWuo) diig o
uoyjpwio4 dagauapn P4
. uolpWI04 dDIMYDM i
o
auojspupg uojuodwo) %
ASNOKH $411D
' UOI4DWI0] S}IMOJOGIDN
3|0ys simaT
Hlun 33piawojbuod puo auoyspny
DI YIIJSION
3|0YS puD Iy
[ 3
, . Gm.m_ siayio puo juownoag (110das s1yy) . o
‘0961 '2u0d 12g6l 'ap|saay puD UDGQOD Jek}V) 4osn ‘uoibes s4MOIDd|DY abos s 3
‘Xey ‘N ‘uispg uonp uog -

36









Sletone

DSeptarian

: z >
S o o ©
ol w FAUNAL 2 Total Minerals =100% = » S| Clay Minerals=100%
= B ZONE -é_ P Percent ;EE o Percent
wi = 80 60 40 20 0o |5 s 5% 0 20 30 40 50
DT —t—Tt—T L - Tt —+7—t
g5 Froo
Collignoniceras b= o
hyatti 479 gé‘Tf // S
_— —o— = e | !
— —?— —?— 478 °3 N
= o F ; S
gg X ’/ /> ~
476" *a \ c\ o\ /o
n - N
VN
N\
475. . LI ]
Collignoniceras N7
. . \
woollgari e /I N
- / ~
474 < L
\1 \‘ \\/
— \ 7\
473 — f NG
— / N\
] — ] l'
2 = |/
o 472 laoolt t .
o . i1k 400 T T ;F S
= = /
s o S
(=3 =t . /
ik £ Y
o 47| N Mixed layer
>3 © >/ \\
[ . a N \(‘—"—‘ Ilite
’ - L———Kaollmte
Clay— ! /M tmorillonit
— ontmortiionite
469+ Calcite o r**‘*‘T
N Quartz I - \——+— Chlorite
) gl A
a Dolomite | ———t—an T ‘ \!
5 /noceramus 468+ } . — — \. .
labiatus Feldspar ____&_/’ !‘ —:::;'-200 \ '///
A == N
- ;
467+ { { g T o -
| == A
[ ' - / \
466- * { M — }ioo ~2
l \ 1 SO . A ~
N \ ‘. 1 P /// ~
Sciponoceras .1 €l [= T
Qfac//e 465 ; } -9 wal == .\'/ P
Dunveganoceras\464° ~_.*n Sill= AN
S| .a/bertense 463 > g9 |/23 :—'&g e
‘c [Dunveganoceras 6% < < . 2el|E== ). T
g conditum 1460, P i ) ng == U . e
Limestone concretions Minor constituents
%Dl;rx;glgnoccras/ -Sands?one E—E Shale B Conenin-cone lese "mn 2 per S
o Mudstone and — Bentonite <Fossiliferous

p pynte

FIGURE 12.--Mineralogy of the Tropic Shale at

measured

section Tl,

about 1 mile east of Wahweap Creek.
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Thin beds of mudstone, siltstone, and sandstone occur mainly in the

lower and upper parts of the Tropic. Strata in the zones of Dunveganoceras

pondi, D. conditum, and D. albertense contain grayish-orange (1OYR 7/4) to

moderate-brown (10YR 5/4) mudstone, siltstone, and very fine to fine grainec
poorly to moderately sorted sandstone lenses that have indistinct or irregu-
lar horizontal bedding or low-angle crossbedding (meas. sec. 37, pl. 6). A
bed of grayish-orange (10YR 7/4) mudstone, about 12 feet thick, that has
indistinct bedding is present in the zone of D. conditum from Smoky Mountain
northeast to Surprise Valley where it grades laterally into the uppermost

sandstone bed of the Dakota. The zone of Inoceramus labiatus contains several

laminae of biogenic sandstone composed mainly of Inoceramus prisms and

Foraminifera., Stracta in the zone of Collignoniceras hyatti and the upper

part of the zone of C. woollgari contain beds of grayish-orange (1O0YR 7/4)
to moderate~-yellowish-brown (lOYR 5/4) mudstone, siltstone, and very fine
grained poorly to moderately sorted laminated to thin-bedded sandstone. The
number and the thickness of the sandstone beds generally increase upward to
the contact with the lowest sandstone bed of the Straight Cliffs Formation.
Thin beds of very light gray (N8) bentonite that are generally less
than 1 foot thick occur throughout the formation but are most abundant in

the zone of Sciponoceras gracile and the lower part of the zone of Inccsramus

labiatus. One bentonite bed in the zone of Collignoniceras woollgari locally

reaches a thickness of 11 feet in the cliffs above Sit Down Bench. An

analysis of a sample from this bed is given below.

X-ray diffraction analysis, in percent, of bentonite
in Tropic Shale
[From measured section T5 at Sit Down Bench,
548 feet above base of Tropic Shale)

Quartze=--e-ecccemc e e e 31
Potassium feldspar===---==-cecccocccccnca. 0
Plagioclase feldspar=-----=e-=cce-cccc-uu- 0
Calcitem=rrocrmme e c e e e e o1
Delomite-==-oeomcmcocr e rcc e me e e rcm e e 2
GypsSuUm~======cmmrmm e e e e e e e 0
Montmorillonite==-==---=veecmcoccmcccanna- 66

Concretions of medium-gray (N5) dense limestone about 6 inches to 3

feet in diameter and about 3 inches to 1 foot thick occur in several parts

of the formation. Concretions in the zone of Dunveganoceras albertense
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have septarian structure and contain rare Exogyra levis, whereas ccacretions

in the zone of Sciponoceras gracile generally lack septarian struczure and

contain an abundant and varied fossil fauna. Unfossiliferous limestone con=-
cretions that have cone-in-cone structure cccur locally in the zons of

Collignoniceras woollgari, but they are not common.

The Tropic ranges in thickness from 610 to 705 feet. The thickness
variations are due to interfingering with the Dakota and Straight Cliffs
Formations and probably to contemporaneous structural deformation {(fig. 13).°

The upper and lower contacts of the Tropic are gradational an? inter-
fingering. Ths lower ccntact is placed at the top of the highest zaick and
reasonably continuous sandstone bed at the top of the Dakota Formzzion (fig.
7). 7The upper contact is placed at the base of the lowest consvicucus ledge-
forming sandstone bed, generally about 3 or more feet thick, in th:z lower
part of the transition interval from Tropic Shale into the Straigh:z Cliffs
Formation, At several places the vertical sequence of beds at ths zop of the
Tropic does not include a prominent sandstone bed, and the contact is arbi-~
trarily placed where sandstone is the dominant lithology.

The Tropic contains an abundant and varied ifossil fauna, but :thz fossils
are not evervwhere present and, thus, the exact boundary between =tz faumal
zones is uncertain. Most of the fossils in the limestone ccncretizns in the

zone of Sciponcceras gracile are well preserved and can be collectzi easily

where the concretions are weathered; in many of the shale and mudzzone beds,
however, the fossils are crushad, fragile, or preserved as internzl or
external molds and must be collected with care. Because the basal contact

of the formation is placed at different stratigraphic positions owing to
interfingering with the upper wmember of the Dakota Formation, the warious
collections and zones are referred to the time-equivalent or nearl: time
equivalent surface at the base of the upper member of the Dakota. The

fossils were collected by H. A. Waldrop and the writer, and the idzntifications
were made by J. F, Mello, J. E. Hazel, Nicholas Hotton 3d, D, H. Dunkle,

W. A, Cobban, and the writer.

Fossils in the lower part of the Tropic in the zones of Dunvezznoceras

pondi, D. conditum, and D. albertense were included in the discussion of

the upper member of the Dakota.
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Fossils in the zone of Sciponoceras gracile (Shumard)

Foraminifera
Nodosaria cf. N. obscura Reuss
Citharina? sp.
Dentalina sp.
Lagena? sp.

Neobulimina canadensis Cushman and

Wickenden
Bulimina reussi Morrow var.
navarroensis Cushman and Parker
Guembelitria cretacea Cushman
Heterohelix mcremani (Cushman)
Hedbergella planispira (Tappan)
Hedbergella cf. H. delrioensis
(Carsey)
Planulina dakoteusis Fox
Virgulina tegulata Reuss

Coelenterata
Trochocvathus? sp.
Undeternmined solitary coral

Annelida
Serpula intrica White

Pelecypoda
Solemya? cbscura Stanton
Inoceramus cf. I. pictus Sowerby
Inoceramus sp.
Ostrea sp.
Grypnaea newberryi Stanton
Exogyra olisiponensis Sharpe
Exogyra sp.
Camptonectes platessa White
Lima utahensis (Stanton)
Botula? sp.
Psilomya meeki (White)
P. concentrica (Stanton)
Veniella mortoni Hall and Meek
Lucina subundata Hall and Meek
Lucina sp.
Parmicorbula? sp.
Corbula kanabensis Stanton
Corbula sp.

Gastropoda

Sigaretus (Eunaticina?) textilis
Stanton

Euspira sp.
Turritella whitei Stanton
Cerithium sp.
Drepanochilus ruida (White)
Arrhoges prolabiata (White)
Mesorhytis? walcotti (Stanton)

Cephalopoda
Sciponoceras gracile (Shumard)
Allocrioceras annulatum (Shumard)
Worthoceras sp.
Kanabiceras septemseriatum (Cragin)
Metoicoceras whitei Hyatt
Actinocamax sp.

Arthropoda
Ostracoda
Cythereis eaglefordensis
Alexander

Vertebrata
Chondrichtlyyes (sharks and
Oxyrhina cf. 0. aogustide
Reuss
Undetermined shark teath
Osteichthyes (bony fish)
Undetermined pycnodontoid tooth

3

1S
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The zone of Sciponoceras gracile includes about 10-15 feet of calcar-

eous shale, limestone concretions, and several bentonite beds in the lower
part of the Tropic Shale. The base of the zone is about 37-68 feet above
the base of the upper member of the Dakota at Wahweap Creek, about 30 feet
above the base of the same member throughout the central part of the region,
and about 23 feet above the base of that member at Fiftymile Point.

The calcareous shale contains numerous well-preserved but small and

slightly distorted Gryphasea newberryi associated with smaller numbers of

Exogvra levis. Other molluscs were found in the shales but generally they

were poorly preserved, and better specimens were found in the limestone
concretions. The foraminifers, corals, ostracodes, and vertebrates were
also found in the shales,

The limestone concretions contain an abundant and varied fossil fauna
that includes all the annelids, pelecypods, gastropods, and cephalopoeds in
the preceding list. The most common species in the concretions are Serpula

intrica, Grvphaea newberryi, Exogyra sp., Psilomya meeki, Lucina subundata,

Corbula kanabensis, FEuspira sp., Turritella whitei, and Sciponoceras gracile.

Foraminifers also ar= abundant but they are firmly embedded in the concre-
tions and are much more difficult to extract than foraminifers in the
enclosing shale. There is no apparent geographic differentiation of the
fauna, and beds at Wahweap Creek contain essentially the same fossil assem-
blage as beds at Fiftymile Point.

Sciponoceras gracile and Metoicoceras whitei indicate that these beds

are of early Turonian age and they also indicate correlation with the lower
part of the Bridge Creek Limestone Member of the Greenhurn Limestone (table
3) in the standard reference sequence of Cretaceous formations for the

Western Interior (Fisher and others, 1960, p. 23).
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Fossils in the zone of Inoceramus labjatus (Schlotheim)

Foraminifera

Proteonina difflugiformis
(H. B. Brady)

Haplophragmoides? sp.

Dentalina? sp.

Frondicularia sp.

Marginulinopsis? sp.

Bulimina sp.

Heterohelix moremani (Cushman)

Hedbergella cf. H. delrioensis
(Carsey

?7Ticinalla aprica Loeblich and
Tappan

Planulina dakoiensis Fox

Pelecypoda
Inoceramus labiatus (Schlotheim)
Inoceremus sp.

Pheloptevia cf., P, gastrodes
(Meek)

Phelopteria sp.

Cstrea sp.

Gryphiaea sg¢.,

Anomi

Lucina subundara Hall and Meek

Corbula

Gastropcda
Drepanochilus ruida (White)
Rostellires? sp.

Cephalopoda
Baculites sp.
Kanabiceras sp.
Neocardioceras sp.
Metoicoceras sp.
Watinoceras? sp.
Mammites sp.

Arthropoda
Malacostraca
Undetermined decapod chela

Vertebrata
Chondrichthyes (sharks and skates)
Oxyrhina cf. Q. angustidens
Reuss
Undetermined shark cteeth and
vertebrae
Ptychodus whipplei ilarcou
Ptychodus cf. P. polygyrus
Agassiz
Osteichthyes (bony £ish)
Xiphactinus audax Leidy
Undetermincd
Reptilia
Undetermined mesasaur vertebrae

fish scales

The zone of Inoceramus labiatus is approximately 250-300 feet thick

and consists mainly of calcareous shale,

The base of the zone is approxi-

mately 50-75 feet above the base of the upper member of the Dakota at Wahweap

Creek and about 40-50 feet above the base of that member throughout the

central and northeastern parts of the region,

The fossils are poorly to moderately well preserved, generally as external

molds, and generally are more abundant in the few inches of shale beneath

bentonite beds.

Well-preserved and relatively large (as much .as about 2 in,

in height) undistorted Gryphaea sp. occur in about the lower 30 feet of the

zone,

restricted to local occurrences but usually are well preserved.

The vertebrate bone and teeth fragments and the foraminifers are

In general,

the fossils are more abundant in the southwestern and central parts of the
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region and in approximately the lower half of the zone, although the
foraminifers came from two samples 292 and 298 feet above the base of the

upper member of the Dakota at measured section Tl (fig. 12).

Inoceramus labiatus has world-wide distribution in the Turonian Stage.

In the Western Interior region this fossil is of early Turonian age and
indicates correlation with the upper part of the Bridge Creek Limestone
Member of the Greenhorn Limestomne (table 3) in the standard reference

sequence of Cretaceous formations for the Western Interior (Fisher and

others, 1960, p. 23).

Fossils in the zome of Collignoniceras woollgari (Mantell)

Pelecypoda _ Cephalopoda
Yoldia? sp. Baculites sp.
Inoceramus sp. Collignoniceras woollegari (Mantell)

Ostrea sp.

T Vertebrata
Cardium sp.

Undetermined f£ish scales

The zcne of Collignoniceras woollgari is about 300-350 feet thick and

may include some of the beds at the base of the Tibbet Canyon Member of the
Straight Cliffs in the southwestern part of the region. The litholegy
grades upward from calcareous shale near the base to shale in the middle

and mudstone at the top (fig. 12). The base of the zone is approximately
300 feet above the hase of the upper member of the Dakota in the southwest-
ern and central part of the region and about 350 feet above the base of that
member at Fiftymile Point.

The zonal index fossil Collignoniceras woollgari is the best preserved

fossil in these beds and is most abundant in the lower half of the zone;
only small immature specimens were found in the upper part. Several poorly
preéerved Inoceramus sp. and Ostrea sp., were found throughout the zone,

and most of the other pelecypods came from the uppermost beds,

Collignoniceras woollgari occurs in Europe and North America in the

Turonian Stage. This fossil is of middle Turonian age in the Western
Interior region and indicates correlation with the Fairport Chalky Shale
Member of the Carlile Shale (table 3) in the standard reference sequence

of Cretaceous formations for the Western Interior (Cobban and Reeside, 1952).
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Fossils in the zone of Collignoniceras hvatti (Stanton)

Pelecypoda Gastropoda
Inoceramus sp. Fragments, undet.
Qstrea sp. Arthropoda?

Corbicula? sp.
Cardium cf. C. pauperculum Meek
Cardium sp.

Cymbophora? sp.
Corbula sp.

Ophiomorpha sp.

The zone of Collignoniceras hvatti is inferred for as much as about

130-150 feet of strata at the top of the Tropic Shale in the central and
northeastern parts of the region. Zonal index fossils do not occur in
these beds, and the presence of the zone is indicated by southwestward
interfingering of these beds with the Tibbet Canyon Member of the Straight

Cliffs which contains the index fossil Inoceramus howelli White. The index

fossil and the interfingering relations indicate that these beds ars of
middle Turonian age and correlate approximately with the Blue Hill Shale
Member of the Carlile Shale (table 3) in the standard reference sequence
for the Western Iaterior (Cobban and Reeside, 1952).

The paleontological evidence indicates that the Trcpic Shale ranges
from middle Cenomanian to middle Turonian in age and correlates with the
Greenhorn Limestune and the lower part of the Carlile Shale in the Western
Interior reference scquence of formations (table 3). This age demonstrates
that the Tropic was originally deposited as a westward-extending tongue of
the lower part of the Mancos Shale in southwestern Colorado (Cross and
Purington, 1899). Correlation with strata in nearby regions of the Colorado
Plateau is shown in figure 8 (Black Mesa region, Arizona) and figure 9

(San Juan Basin, N. Mex.).
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Straight Cliffs Formation

The Straight Cliffs Sandstone was named by Greg:-y and Moore (1931,
p. 91) for exposures along the Straight Cliffs escar-ment several miles south
of Escalante, Utah, in the northern Kaiparowits regizz, In most parts of the
Kaiparowits Plateau the formation contains significac-c amounts of rocks other
than sandstone, and for this reason Peterson and Walirop (1965, p. 62-63)
applied the more general name Straight Cliffs Formacion to these rocks.
Recent mapping has indicated that the Straight Cliff: consists of four memberg
that are, from oldest to youngest, tha Tibbet Canyorn., Smcky Hollow, John
Henry, and Drip Tank Members (Petersom, 1969). The Tibbet Canyon and Drip
Tank Members are generally cliff forming units compc::zd mainly of sandstone;
the Smoky Hollecw and John Henry Members are cliff- zzZ slope-forming units
composed mainly of interbedded sandstone, mudstone, :z:d coal. The Smoky
Hollow and Jchn Henry Members are divided into sever:. informal units which
are based on characteristic associations of sedimen:zzy structures, iith-
olegies, and fossils. An unconformity separates th=z 3Imoky Hollow and John

Henry Members,

[s\]

nd distinctive beds just above and t:low allow this contact
to be easily vecognized,

Figure 14 shows typical relations of the Straigrz Cliffs Formation in
the southwestern part of the region at a locality thz: is within 3 miles of
the type localities of the Tibbet Canyon, Smoky Holi:w, and John Henry
Members. The Drip Tank Member is not appreciably diZZerent in this area
from its type locality about 1l miles north. Figure 15 shows relations in
the northeastern part of the region that are similar zo the type locality
of the formation, which is about 47 miles northwest.

The Straight ClLiffs Formation thickens irregulz=ly northeastward across
the region from about 1,130 feet at Nipple Bench to z3out 1,620 feet in Left
Hand Collett Canyon (pls. 9, 10, 11). The formation is 1,495 feet thick in
the northwestern Kaiparowits region near Tropic, Utz- (Robison, 1966, p. 23).
TIBBET CANYON MEMBER

The Tibbet Canyon Member was named for exposurs:z near the mouth of
Tibbet Canyon in the NLXNEYLNEY sec. L4, T. 42 S., R. Z E., Kane County,

Utah (Peterson, 1969). The member is commonly well =xpcsed in cliffs above

the slope-forming Tropic Shale in the southwestern a2=3 central parts ef the
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region (fig. 14), but farther northeast, and especially at the Straight
Cliffs escarpment, the member is generally concealed by talus (fig. 15).

The Tibbet Canyon Member is composed of yellowish-gray (5Y 8/1),
grayish-orange (10YR 7/4), and moderate-brown (10YR 5/4) sandstone that
weathers to colors as dark as grayish brown (5YR 3/2). In general, the
median grain size and sorting change upward from very fine grained and
poorly tc moderately sorted at the base to medium grained aand moderately
to well sorted at the top. Granules and pebbles of gray quartz, gray,
brown, and biack chert, and gray and red quartzité are scarce but occur in
the middle and upper parts of the member. The lower part of the Tibbet
Canyon is interbedded with light-olive-gray (5Y 5/2) very thin to thin
bedded mudstoune and siltstone beds that are southwestward- or southward-
thinning tongues of the Tropic Shale too thin to map as separate units.

The sandstone consists mainly of subangular te subrounded slightly
strained quartz grains containing all the major types of inclusions. The
feldspars wmount to about 5-25 percent of the rock and are mainly of the
plagioclase varicties (oligoclase and andesine), although scarce potassium
varieties (orthoclase and rare microcline) are also preseat., Some of these
grains are moderately altered, and it is likely that part c¢f thes clay mineral
fraction in the matrix originated from postdepositional alteratior of the
feldspars. The clastic carbonate grains are polycrystalline aggregates or
monocrystalline grains and consist mainly of dolomite, although a small
amount of clastic calcite can be distinguished from the calcite cement.
Approximately 14 percent of the sandstone is silt~ and clay-size matrix
in which most of the clay minerals have the optical properties of the kaolin
group. The accessory minerals are a small and almost insignificant parc of
the total mineral assemblage. Biotite is the most common accessory minerail.
Sandstones in the lower part of the member are generally well cemented by
calcite, but the middle and upper parts of the member are commonly only
moderately cemented and are fairly porous. The following is an average of
the modal analyses shown on plates 12 and 13. According to the classifi-
cation used in this report, a rock of the foliowing composition would be

termed an impure feldspatchic sandstone.
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Average of 28 modal analyses, in percent, 6f sandstone in Tibbet
Canyon Member of Straight Cliffs Formation (cement not included)

All Constituents
constituents (1), (2), (3)
(1) Stable grains==-=--=----ccmcocomaaoas 67 80
Quartze=-----mwccmcnccncanu~ 62
Cherte--------c--coccccaa--a 2
Quartzite~-----=-=---------- 3 .
(2) Feldspars--=--m==-mmmmcmmcmmommommeen 12 1 v
(3) Unstable grains==-------=~-c--c-c---o 5 6
Clastic dolomite-------=--- 5
Clastic calcitee=veeceeeanua <1
(4) Matrigee--cc-e-eccmcmcmecmec e 14
(5) Accessory minerals (biotite,
garnet, glauconite, musco-
vite, tourmaline, zircon)-------w--- 2
100 160

Stratification near the base of the Tibbet Canyon Member is laminated
to very thin bedded and ripple cross~laminated to very thinly crossbedded.
The individual bedding units or sets generally range in thickrness from 1
inch to abcut 1 foot, and maximum dip of the cross-strata is generally less
than 10°. The thickness of the sets and the angle of inclination of the
cross-strata generally increase upward so that the sets range in thickness
from about 3 inches to 3 feet, and the maximum dip of the cross=-strata is
as much as about 25° in the middle and upper parts of the member. A vertical
sequence of cross-stratified units that is common in sandstone beds of
similar origin in the John Henry Member is rarely found in the Tibbet Canyon
Member,

The lower contact of the Tibbet Canyon Member is generally placed at
the base of the lowest readily traceable sandstone bed, but at several local~
ities the vertical sequence of beds is entirely gradational and the lower
contact is placed arbitrarily where sandstone is dominant. The upper contact
is generally sharp and is placed where the cliff-forming sandséﬁne of the
Tibbet Canyon Member is in contact with the lowest overlying mudstone, car-
bonaceous mudstone, or coal bed of the Smoky Hollow Member. Because of

interfingering relations shown diagrammatically in figure 16, the lower beds
of the Tibbet Canyon grade northeastward into the upper part of the Tropic
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Shale, and the upper beds of the Tibbet Canyon grade southwestward into the

lower part of the Smoky Hollow Member.

The Tibbet Canyon Member ranges in thickness from 70 to 185 feet iz the
southeastern Kaiparowits region. In the northwestern Kaiparowits regicc,
neaxr Tropic, Utah, the lowest unit in a section that was measured by J. C.
Lawrence (in Robison, 1966, p. 23) and tentatively assigned by the writscz
to the Tibbet Canyon Member is 84 feet thick. In the northern Kaiparowi:s
region about 9 miles northwest of Escalante, Utah, E. V. Stephens (oral
commun., 1967) measured 87 feet for the Tibbet Canyon Member,

Fossils are not common in the Tibbet Canyon Member, but several ccll_ec-
tions from localities scattered throughout the region contain sufficien:
numbers of spacies to aid in evaluating the age of the member. Most ol zthe
fossils are preserved as internal or external molds, and preservation oI the
origiral hard parts is uncommon. A summary list of the fossils is give=
below. The collections were made by H., A. Waldrop and the writer, and -2
identirications were made by W. A, Cobban, D. H. Dunkle, Nicholas Hettcn 3d,

and the writer.

Fossils in the Tibbet Canyon Member of the Straight Cliffs Formation

Pelecypoda Cephalopoda
Inoceramus howelli White Heterotissotia? sp.
Inoceramus sp.

Ostrea sp,.
Crassostrea soleniscus (Meek)

Arthropoda?
Ophiomorpha sp.

Brachidontes? sp. Vertebrata--Chondrichthyes (sharis
Cardium cf. C. pauperculum Meek and skates)
Legumen cf. L. ellipticum Conrad Scapanorhynchus raphiodon
Cymbophora sp. (Agassiz)

Gastropoda

Gyrodes conradi Meek
Gyrodes denressus Meek
Cryptorhytis utahensis (Meek)

According to W. A, Cobban (oral commun., 1967), Inoceramus howelli s
a middle Turonian index fossil that indicates the faunal zone of Collign:-a-

iceras hyatti in the Western Interior. This fossil indicates that the Tizbet

Canyon Member and time-equivalent strata in the Tropic Shale and the Smo:y

Hollow Member correlate approximately with the Blue Hill Shale Member of the

Carlile Shale (table 3) in the standard reference sequence for the Wester:z
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Interior (Cobban and Reeside, 1952). Although the Tibbet Canyon Member
probably falls entirely within the zone of Collignoniceras hyatti in the

report area, the member is somewhat younger in the northeastern part of the

region because of the interfingering relations noted in preceding paragraphs.

SMOKY HOLLOW MEMBER

_ The Smoky Hollow Member of the Straight Cliffs Formation is a cliff-

and slope-forming unit that lies above the cliff-forming Tibbet Canyon Member.
The Smoky Hollow Member was named for exposures on the west side of Smoky
Hollow in the NELXNE%LSWY% sec. 5, T. 42 S., R. 4 E. (Peterson, 1969). The
member is fairly well exposed in the southwestern and central parts of the
region (fig. 14) but farther northeast, and especially at the Straight Cliffs
escarpment, the member is generally concealed by talus (fig. 15). The Smoky
Hollow consists of three informal units: a coal zone at the base, a barren
zone in the middle, and the Calico bed at the top (fig. 16).

The coal zone at the base of the Smoky Hollow Member contains medium=-
dark-gray (i4) to black (N1) laminated to very thin bedded carbonaceous
mudstone, black (N1) coal, pale-yellowish-brown (1l0YR 6/2) very fine to fine
grained mcderately sorted laminated to very thin bedded sandstone, and minor
amounts of dusky-yellow (5Y 6/4) to light-olive-gray (5Y 6/1) bentonitic
mudstone. The coal zone is as much as about 30 feet thick, but it is absent
over Nipple Bench and Smoky Mountain anticlines owing to lateral gradation
into the barren zone or into the Tibbet Canyon Member (pls. 9, 10). Because
of these relations, the coal zone consists of three parts: the lower part
in Wahweap syncline is the oldest and contains one coal bed generally less
ghan about 4 feet thick; the middle part occurs in Warm Creek syncline and
contains one coal bed generally less than about 3% feet thick; the upper
part extends from Last Chance syncline northeast to the Straight Cliffs
escarpment and contains several thin coal beds generally less than about 2
feet thick. For purposes of illustration, figure 16 does not show the three
parts, although they can be distinguished by their steplike occurrence above
the flat and noninterfingering parts of the lower contact of the zone.

The barren zone is a ledge- and slope-forming unit consisting of sand-
stone and mudstone that weathers light brown and yellowish green. On fresh

surfaces the sandstone is generally grayish orange (lOYR 7/4) to yellowish
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gray (5Y 7/2), although locally it is light gray. The sandstone is generally
very fine to medium grained and poorly to moderately sorted and contains
small- to medium-scale low- to high-angle trough-type cross-stratification

or scarce horizontal stratification. Some of these beds are fluvial channel
sandstcnes that are lens shaped in cross section, but most of the sandstones
have a wider extent and persist for several miles along the outcrop. Scattered
quartz, feldspar, and chert granules or small pebbles occur locally throughout
the sandstone beds, and leaf impressions or plant fragments are scarce but

are found at the top in a few places. Scarce thin beds of dusky-green

(5G 3/2) fine- to medium-grained sandstone occur locally at the top of the
other sandstones or in the mudstone beds.

Another common lithology in the barren zome is dusky-yellow (5Y 6/4) to
light-olive-gray (5Y 6/1) bentonitic mudstone that weathers to a generally
yellowish green cclor and is very thin to thick bedded. The mineral compo-
sition of this rock type is probably not significantly different from similar
lithologies in the Dakota Formation or in the John Henry Member of the
Straight Cliffs. Light-gray (N7) mudstone is fairly comron near the top of
the zone. An analysis of a sample taken 1 foot below the top of thne barren
zone at measurad sectiocn S22 (pl. 12) in the central part of the region

follows:

X-ray diffrection analysis, in percent, of light-gray mudstone in
barren zone of Smcky Hollow Member of Straight CLliffs Formation

Major constituents: Clay minerals as proportion of
Quartz=e--~c-ccrmmrcc e cv e ae 33 clay fraction:
Potassium feldspar=~-=--=====-« 3 Chlorite-=-w-meruceemncenacan 0
Plagioclase feldspar=-~-==~--- - 0 Kaclinite==-=-occcmccennacaaa 63
Calcitee=mmewmmccrcccnc e - 0 Illite==e-omeemmecman e m————— 12
Dolomite=~-=emcecmcecc e 0 Montmorillonite~--=w-cccecaca trace
Gypsum===c==m-eree e e 0 Mixed-layer (illite-montmor-
Clays-==-v=-comevmeean= -----= 64 illonite)m==-emmomcmcmccnunn 25
Clay minerals:
Chlorite--==--ccocuecmeaeeaanm- 0 .
Kaolinites-~==--rocmcmcmacaax 40
Illite==-=mmwmcmrccmcncceens - 8
Montmorillonite-------- ------  trace
Mixed-layer (illite-montmor=-
illonite)=====-vcenconucae -~ 16
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The barren zone ranges in thickness from 13 to 110 feet. The variation
in thickness is due to interfingering with other units in the Smoky Hollow
Member, interfingering with the Tibbet Canyon Member, and erosion prior to
deposition of the John Henry Member.

The Calico bed is a fine- to coarse-grained poorly sorted pebbly sand-
stone unit at the top of the Smoky Hollow Member. The sandstone is generally
white (N9) to very light gray (N8), and locally the upper 1-3 feet is stained
ﬁoderate red (5R 4/6) to dark yellowish orange (10YR 6/6). The sandstone is
fine to medium grained and generally poorly sorted and contains small- to
medium-scale low- to high-angle trough cross-stratification., Medium-gray
(N5) to dark-gray (N2) mudstome lenses or tongues from the barren zone are
scarce but are found in the bed.

Conglomerate lenses and scattered pebbles are common in the Calice bed.
The pebblz composition of the conglomerate lenses listed below is from a
count of 658 pebbles mede on the northeast side of Surprise Valley in the
NELSWY% sec. 10, T. 41 S., R. 5 E. At this locality the quartz, quartzite,
and feldspar clascs are less than 8 mm in diameter (very fine and fine
pebbles) and the chert clasts are less than 16 mm in diometer {very fine to

medium petbles). This distribution of sizes by pebble composition is typical.

Pebble composition of conglomerate lemses in Calicc bed at
top of Smoky Hollow Member in Straight Cliffs Formation

Percent
QuUartzes-~-=mce et e e 42
Cherte-=emeeerr e e e e e e e 40
Light gray~=--=-=c-cmceeocaccaun 30
Dark gray---=-e=cccecmmcrccmnaan 10
Feldspar-=------cococmommccccc e a 18 =
Quartzite (reddish brown)=----=----w--wa- tr
100

tr = trace, 0.3 percent.

The Calico bed interfingers with thé upper part of the barren zone, and
the bed is unconformably overlain by the John Henry Member. The bed reaches
a maximum thickness of 67 feet in the central part of the region (meas. sec.
S§21, pl. 10) but is missing in the southwestern and northeastern parts where
it was removed by erosion prior to deposition of the John Henry Member. The

approximate average thickness of the bed is 25 feet.
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Sandstones from throughout the member consist mainly of subangular
slightly strained quartz grains containing all the major types of inclusions.
The feldspars are about 5-20 percent of the rock and are mainly of the plagio-
clase varieties (oligoclase and andesine), although scarce potassium varieties
(orthoclase and rare microcline) are also present. Some of these grains are
moderately altered, and probably part of the clay mineral fraction in the
matrix originated from postdepositional alteration of the feldspars. The
clastic dolomite grains are rare and consist of polycrystalline aggregates
or monocrystalline grains. Clastic calcite, if present, could not be distin-
guished from the calcite cement. Approximately one-fourth of the sandstone
is silt- and clay-size matrix in which most of the clay minerals have the
optical properties of the kaolin group. The accessory minerals are a small
and almost insignificant part of the total mineral assemblage, although
biotite is the most common. Most of the sandstones are only moderately
cemented by calcite and are fairly porous, but one sample was unique in that
it was well cemented by barite (identified by X-ray diffraction). The
following composition is an average of the modal analyses shown on plates 12
and 13. According to the classification used in this report, a rock of the

following composition would be termed an impure feldspathic sandstonz,

Average of 13 modal analyses, in percent, of sandstone in Smoky
Hollow Member of Straight Cliffs Formation (cement not included)

All Constituents
constituents (1), (2), (3)
(1) Stable grains==--=--=-evcmecccccccacccnccam e e 63 83
Quartz----c-e-mreac e e 57
Chertes-m=m-weccec e mc e m e e 2
Quartzite----=------mrcecmcmccnnceaaea 4
(2) FeldSparse==-=-==s==ccmocmemeccem e cceccoeaon ——12 6
(3) Unstable grains=e===-=s===e-ceoeeccacea - -~ 1 1
Clastic dolomite==-=-wcewaceccwa- ————— 1
(4) Matrixe=e-=mccom oo e e e 23
(5) Accessory minerals (biotite, garnet, )
glauconite, muscovite, tourmaline,
3 e ) R et 1
100 100
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The Smoky Hollow Member is about 24-132 feet thick in the southeastern
Kaiparowits region. In the northwestern Kaiparowits region, the group of
beds that includes units 2-9 above the base of a section measured by J. C.
Lawrence (in Robison, 1966, p. 23) and tentatively assigned by the writer
to the Smoky Hollow Member is 231 feet thick. About 9 miles northwest of
Escalante, Utah, the Smoky Hollow is about 331 feet thick (E. V. Stephens,
oral commun., 1967).

Fossils are rare in the Smoky Hollow Member, and only a few poorly
preserved and unidentifiable pelecypod molds were found in the Warm Creek
area, The lower part of the Smoky Hollow in the southwestern and central
parts of the region is of middle Turonian age because these beds grade
northeastward or northward into the upper part of the Tibbet Canyon Member

which contains the middle Turonian pelecypod Inoceramus howelli. The upper

part of the Smoky Hcllow is probably only slightly younger than the lcwer
part because the member consists of a continuous sequence of beds and lacks
unconformities. The interfingering relations suggest that the Smoky Hollow
is about middle Turonian in age. In terms of the standard reference s=quence
for the Western Interior region (Cobban and Reeside, 1952), the Smcky Hollow
correlates approximately with the upper part of the Blue Hill Shale Mewber
and possibly with the lower part of the Turner Sandy Member of the Carlile
Shale (table 3).

UNCONFORMITY
The unconformity that separates the Smoky Hollow Member from the over-

lying John Henry Membér has been described by Peterson (1969). Evidence of

the unconformity is briefly summarized as follows:

(1) 1In local areas, the unconformity is indicated by truncation of low-angle
dipping stratification at the top of the Smoky Hollow and by relief of
as much as 5 feet on the unconformable surface.

(2) Considering broad stratigraphic relations, the unconformity is indicated
by regional truncation of at least 157 feet of strata at the top of the
Smoky Hollow in the southwestern part of the report area and of at least
90 feet of strata at the top of the Smoky Hollow in the northeastern
part (pls. 9, 10, 11).
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(3) Paleontological data indicates that the approximate minimum time-
stratigraphic interval represented by the unconformity includes the
upper part of the Turomian Stage and the lower and middle parts of the
Coniacian Stage. In terms of the standard reference sequence for the
Western Interior region, strata correlative with the upper part of the
Carlile Shale and the lower and lower middle parts of the Niobrara
Formation were eroded or never deposited in the southeastern Kaiparowits
region (table 3).

The unconformity at the Turonian-Coniacian boundary has been reported
in other parts of the Colorado Platezau by Dane (1960) in the San Juan Basin
of New Mexico (fig. 9) and by Hunt, Averitt, and Miller (1953, p. 83) in
the Henry basin of south-central Utah. Reconnaissance studies by the writer
indicate that the unconformity is probably present in Black Mesa basin of
northeastern Arizona at the base of the marine shale tongue of the Toreva

Formation (fig. 8).

JOHN HENRY MEMBER

The Jobn Henry Member of the Straight Cliffs Formacion was namad for
a cliff- and slope-forming unit of interbedded sandstone, mudstone, carbon-
aceous mudstone, and coal that lies below the cliff-forming Drip Tank Member
of the Straight Cliffs (Peterson, 1969). The type locality is about 3 miles
east of John Henry Canyon in a small tributary canyon on the west side of
Smoky Hollow in the SE%LNWY% and WiNW% sec. 32 and the NXNE% sec. 31, T. 41 S.,
R. 4 E., Kane County, Utah, The member is moderately well exposed in the
southwestern part of the region, but in the central part where many of the
coal beds have been burned, the member is generally concealed by talus accu-
mulations of baked mudstone and sandstone, and exposures are best near the
bottom of dry washes. In the northeastern part of the region, slope-forming
units of coal and mudstone are generally concealed by talus and soil (fig. 15).
The type measured section is illustrated on plate 9 (meas. sec. S17), and
figure 14 shows typical relations in the member at Warm Creek canyon about
3 miles southwest of the type locality.

The John Henry Member consists mainly of nenmarine beds in the south-
western and central parts of the region and mainly of marine beds in the

northeastern part. The nommarine beds are divided into three barren zones

61




and four coal zones on the basis of the presence or absence of coal beds

1 or more feet thick (fig. 16); the marine beds are divided into seven key

sandstone beds and two mudstone tongues.

Barren zones

The barren zones consist of relatively thick cliff-forming sandstone
beds and slope-forming beds of mudstone interbedded with a small amcunt of
thin sandstone beds. The thicker sandstone beds (more than about 5 ft thick)
are pale yellowish brown (l0YR 5/6) to grayish orange (10YR 7/4) on fresh
exposures and they weather to various shades of light brcwn. In general,
the thick sandstones that occur with the yellowish-green bentonitic mudstones
are grayish crange, fine to medium grained, and poorly sorted. They also
are poorly cemented and semifriable and locally contain scattered quartz,
feldspar, and chert granules or small pebbles. They contrast with sandstones
that occur with dark-gray to black carbonaceous mudstones which are generally
pale yellowish brown, very fine to fine grained, moderately sorted, and well
cemented by calcite; they rarely contain granules or small pebbles., All
these sandstones have small- to medium-scale low-~ to high-angle trough-type
cross-strarnification or rare horizontal stratification, and most of the beds
grade ‘into very fine to fine grained ripple cross-laminated sandstoae in the
upper 1-3 feet. HMost of the thick sandstones are fairly widespread and can
be traced for several miles where exposures are good, but some of the beds
are channel sandstones that are lens shaped in cross section and are difficulc
or impossible to trace any significant distance on the outcrop. Large-scale
low-angle cress-stratified units as much as about 20 feet thick and composed
mainly of very fine to fine grained sandstone interbedded with minor amounts
of carbonaceous mudstone commonly occur where carbonaceous mudstone beds
are abundant.

The thin sandstones (less than about 5 ft thick) interbedded with the
mudstones are generally pale yellowish brown (10YR 5/6), very fine to fine
grained, moderately sorted, and well cemented by calcite. They commonly
are ripple cross-laminated or less commonly contain small- to medium-scale
low-angle trough-type cross-stratification.

The sandstones consist mainly of subangular slightly strained quartz

grains containing all the major types of inclusions. The feldspars are
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generally about 5-15 percent of the rock and are mainly of the plagioclase

varieties (oligoclase and andesine), although scarce potassium varieties

(orthoclase and rare microcline) are also present. Some of

these grains are

moderately altered, and probably part of the clay mineral fraction in the

matrix originated from postdepositional alteration of the feldspars. The

clastic carbonate grains are polycrystalline aggregates or monocrystalline

grains and consist mainly of dolomite, although a small amount of clastic

calcite can be distinguished from the calcite cement. Approximately one-

fourth of the sandstone is silt- and clay-size matrix in which most of the

clay minerals have the optical properties of the kaolin group. Biotite is

the most common accessory mineral, although the accessory minerals in

general are a small and almost insignificarnt part of the total mireral as-

semblage. The following composition is an average of the modal analyses

shown on plates 12 and 13. According to the classification
report, a rock of the following composition would be termed

spathic sandstone.

Average of 46 modal analyses, in percent, of sandstone in
of John Henry Member ot Straight Cliffs Formation (cemen:

used in this

an impure feéeld-

barren zones
not included)

All Constituents
constituents (1), (2), (3)
(1) Stable grains==-=-c=-c-eececmmcm e eec e 54 76
Quartze----c--cccccrme e 47
Chert--««ce-vc-ecmemcccc e e e e mm 4
Quartzite--~---=ccccmwor e c e e e e 3
(2) Feldspars=-----==me-meeemcmmmeeccmce e maua 8 11
(3) Unstable graing=-===c--ce-cmocccmmmmamcanans 9 13
Clastic dolomite==--=-=--ecccwecu-ua - 7
Clastic calcitem=~=wwomwocccecacaauan 2
(4) Matrixee-----c-ccccmcm e e m e 27
(5) Accessory minerals (biotite, garnet,
glauconite, muscovite, tourmaline,
Zircon)===--ceeccmcm e e e e 2
100 - 100

Very thin to thick bedded mudstone is another common rock type in the

barren zones. Dusky-yellow (5Y 6/4) to light-olive-gray (5Y 6/1) bentonitic

mudstone that weathers to a general yellowish-green color is abundant in the
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upper barren zone, common in the middle barren zone, and uncommca in the
lower barren zone. Dark-gray (N3) to black (N1) carbonaceous muistone is
abundant in the lower barren zome, common in the middle barren -omne, and
scarce in the upper barren zone. The carbonaceous mudstone is cwre common
in beds adjacent to the various coal zones, although thin and diIscontinuous
beds may be found in other parts cf the barrem zones. All gradz:tions exist
between the two contrasting types of mudstone, and no significa=: difference
is apparent in analyses of the six samples shown in table 4.

Minor lithologies include thin limestone lenses, siderite zoncrecions,
and thin coal beds. The limestone lenses are dense, medium gra:x (N5), and

as much as 50 feet long and 2~3 feet thick. Bedding is general’l: indistinct

in the smaller lenses, but the larger lemses are commonly horiz:zzally lamin-

ated. Small blackish-red (5R 2/2) to moderate-brown (5YR 4/4) :zoncretions
that are composed mainly of siderite are scarce but occur mainl: in the
dusky-vellow to light-olive-gray mudstones. Thin coal beds less than 1 foot
thick generally occur in the carbonaceous mudstone beds.

Other than plant fragments and impressions, mezafossils ars scavce in
the barrzn zones. OCne collzsction from the middle barren zone d» H. A,
Waldrop and icentified by W. A. Cobban consisted of the mollusc: Anomia? sp.,
Cymbophora? sp., and Melania? sp. Several collections from the upper barren
zone by G. A. Jzett, H. A. Waldrop, and the writer and identifizi by R, A,
Scott, J. A, Wolfe, and the writer included undetermined pelecyvzzds, gastro-
pods, bone fragments, and coniferous wood as well as one fragme=:z of the
palm leaf Geonomites? sp,

An abundant spore and pollen flora was obtained from samplzs collected
by Robert McCurdy of the Atlantic-Richfield Co. from a drill hole on Smoky
Mountain that is about 1% miles northwest of measured sectiom S13 (pl. 1).
The samples were collected from each of the barren and coal zonmz=s through
the interval about 84-552 feet above the base of the member. Tz2 micro-
fossils were identified by R. H. Tschudy who supplied the follcwing partial

list of genera.
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TABLE 4.--X-ray diffraction analyses, in percent, of mudstone ZI-om
barren zones in John Henry Member of Straight Cliffs Formatica

Yellow to olive~ Gray Carbonz:zeous
gray mudstone mudstone muds zz-ne
Sample number: *369 375 264 374 382 37:
Major constituents:
Quartze~-=-e-mceocoa-an 23 34 36 34 27 3¢
Potassium feldspar----- 0 1 tr 0 2 2
Plagioclase feldspar~-- 0 0 0 0 0 c
Calcites======-mwmcoaaaa 19 o 0 0 2 G
Dolomite==------------- 8 0 0 0 1 c
Gypsum==~=--=-=--==-----= 0 1 0 0 0 C
Clayge-===o-eomecncaanan 47 64 64 66 68 €:
Clay minerals:
Chloritem==-==-=-vw----- 1 1 1 0 tr tr
Kaolinite=====-==ccur-n" 22 20 31 43 14 32
Illite-w-==sowmemceeama 15 7 9 3 7 B
Montmerillionites~-=---- 0 2 0 3 12 tr
Mixed-layer¥feceocouauo 9 34 18 17 35 2%
Clay minerals as propor-
tion of clay fraction:
Chlorite==-w-coccrecaa- 2 1 1 0 tr tT
Kaclinite-s-svcmcececanea 47 32 53 65 22 &7
Illite~mw-cmcmcmmmcc e 31 11 16 4 10 i<
Montmorillonite-=~-=-~--~ 0 3 0 5 17 z
Mixed-layer#¥-ecee-c-auw 20 533 30 26 51 &2

Location of samples

© 369. Upper barren zone, 150 ft below top of member; west side o:Z
Dry Canyon, meas, sec, S3.

375. Upper barren zone, 93 ft below top of member; same localit: as
369.

264. Lower barren zone, 92 ft above base of member; 3 miles eas:z of
Wahweap Creek, meas. sec. S7.

374. Upper barren zone, 96 ft below top of member; same localits as

369.
382. Upper barren zone, 3 ft below top of member; same locality =zs
369.
373. Upper barren zone, 101 ft below top of member; same locali:y
-as 369. )
* = 3 percent Pyrite not shown.
** = mixed-layer illite-montmorillouite clays.
tr = trace, less than 1 percent.
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Spore and pollen genera in the John Henry Member of the Straizht
Cliffs Formation, from the lower, middle, and upper barren zc==s
and the lower, Christensen, and Rees coal zones

Cicatricosisporites Vitreisporites
Appendicisporites Araucariacites
Lycopodiumsporites Ephedra
Gleicheniidites , Eucommiidites
Verrucatosporites " Proteacidites
Taurocusporites Triatriopollenites
Ceratosporites? Plicapollis
Krauselisporites Latipollis?
Laevicatosporites Sporopollis?
Inaperturopollenites Tricolpopollenites
Monosulcites Tricolporites
Classopollis Nyssapollenites
Abietineaepollenites Periporopollenites
Rugubivesiculites

Coal zones
The coal zones consist mainly of slope-forming units composed cof inter-

Small

quantities of thin sandstone beds (less than about 5 ft thick) ars preseunt in

bedded carbonacecus mudstone and thick coal beds 1 or more feet tzo.ck.

the coal zones, and thick sandstone beds (more than 5 ftr thick) arz commonly
found in the southwestern parts of the coal zones.

The thick sandstone beds are pale yellowish brown (LOYR 5/6), very fine
to fine grained, moderately sorted, and well cemented by calcite., They con-
tain small- to medium-scale low~ to high~angle trough-type cross-szratification
or rare horizontal stratification; most of these beds grade into wzry fine
grained ripple cross-laminated sandstone in the upper 1-3 feet, Some of the
thick sandstones are fairly widespread and can bhe traced for severzl miles
where exposures are good, but most of these beds are channel sand:zones that
are lens shaped in cross section and are difficult or impossible zo trace on
the outcrop. Large~scale low-angle cross-stratified units as muc-> as about
20 feet thick and composed mainly of very fine to fine grained.sa:istone
interbedded with minor amounts of carbonaceous mudstone also occur in the
coal zones.

The thin sandstones (less than about 5 ft thick) are pale yellowish
brown (10YR 5/6) to very light gray (N8), very fine to fine grairn:i, moderate-

ly sorted, and moderately to well cemented by calcite. They are :ommonly
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ripple cross-laminated or less commenly contain small- to medium-scale low-
angle trough-type cross-stratification.

The sandstones consist mainly of subangular slightly strained quartz
grains containing all the major types of inclusions. The feldspars generally
amount to less than 10 percent of the rock and are mainly of the plagioclase
varieties (oligoclase and andesine), although scarce potassium varieties
(orthoclase and rare microcline) are also present. Some of these grains are
moderately altered, and probably part of the clay mineral fraction in the
matrix originated from postdepositional alteration of the feldspars. The
clastic carbonate grains are polycrystalline aggregates or monocrystalline
grains and consist mainly of doiomite,.althcugh a small amount of clastic
calcite couid be distinzuished from the calcite cement. Approximately one-
fifth of the sandstone is silt- and clay-size matrix in which most of the
clay minerals have the optical properties of the kaolin group. The acces-
sory minerals are a small and almost insignificant part of the total mineral
assemblage., Biotite is the most common accessory mineral, The follewing
composition is an average of the modal analyses shown on plates 12 and 13,
According te the classification used in this report, a wock of the following

composition would be termed an impure subfeldspathic sandstone.

Average of 15 mcdzl analyses, in percent, of sandstone in coal zones of
John Henry Member of Straight Cliffs Formation (cement not included)

All Constituents
constituerts (1), (2), (3)
(1) sStable grains=-=-----c=ccc-- —eeeee- cememeeea 60 78
Quartze----c--mmcecccmeceeccmec e - 54
Chertem-emmc=mmmmmcmmmcmcccecmme - 3
Quartzite-=-=--sr-m-cccoooo- e .3
(2) Feldspar-----=co-coccoilcmmmmccccncacnaon - 4 5 v
(3) Unstable grains=-=v----cemeccmmcccccceaauoa 13 17
: Clastic dolomite==---==-vemm-cu- -—— 11
Clastic calcite==~=-=---- R 2
(4) Matrixe--=----ec-cmemmcmmececene - -~ 22
(5) Accessory minerals (biotite, garnet, .
glauconite, muscovite, tourmaline,
zircon) ==---e-mrcecca e ae L |
100 100
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Laminated to very thin bedded dark-gray (N3) to black (N1) carbona-
ceous mudstone is the most common argillaceous rock in the coal zones.
Dusky-yellow (5Y 6/4) to light-olive-gray (5Y 6/1) very thin to thin bedded
bentonitic mudstone is scarce and, where present, is-generally near a thick
sandstone bed. Gray mudstones that are intermediate varieties of the two
types mentioned above are also common. Medium-dark-gray (N4) laminated to
very thin bedded shale and carbonaceous shale are relatively rare, X-ray
diffraction analyses of some of these lithologies .are listed in table 5.

Coal beds are abundant in the four coal zénes of the John Henry Member.
Although coal beds 1 or more feet thick are the main feature used to distin-
guish these zones, coal beds 4 or more feet thick are common in several parts
of the region. The thickest bed found measured 29.6 feet (meas. sec, S23,
pl. 10) and is in the Christensen coal zone on the northeast side of Last
Chance syncline. The coal beds are generally thickest and most abundant in
the synclines, and they either thin or pinch out over the anticlines. The
available data also indicate that the coal thickens northwestward into the
Kaiparowits structural basin., The following list indicates general areas

where the coal beds are thickest and probably most continuous.

Area of thickest and probably

Coal zone ;
© most continuous coal beds
Alvey ccal zone-=---w-cmcmmmamoa- Southwest side of Croton syn-
cline.
Rees coal zone-=---- et DL I - Last Chance syncline,
Christensen coal zone~-=----~----- Warm Creek and Last Chance
synclines, southwest side
of Croton syncline.
Lower coal zone----=-=-c-vee-muoa Last Chance syncline.

The areas listed above are also places where coal in the Christensen,
Rees, and Alvey coal zones has been extensively burned, and exposures of
unburned coal in these areas are only locally present at the bottom of dry
washes or on steep canyon slopes where recent erosion has been rapid. The
mudstone and sandstone strata enclosing the coal have been baked to brilliant
shades of red, pink, and gold where the burning has occurred. The fires
were probably started by natural causes such as spontaneous combustion or

lightning, and several fires still remain in Last Chance syncline. The
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TABLE 5.--X-ray diffraction analyses, in percent, of mudstone and shale
from coal zones in John Henry Member of Straight Cliffs Formation

Light-olive- Gray Carbonaceous
gray mudstone shale muds tone
Sample number: 335 477 344
Major constituents:
Quartze=------c--cc--couoo—o- 27 28 41
Potassium feldspar------=----- tr 2 3
Plagioclase feldspar=-------== 0 0 0
Calcite====-==ce-mcomoncmcaena 6 0 1
Dolomite====-~---=-ec-acumao-x 8 0 1
Gypsum-=--=-==-~--=-c----—oo-oan 0 0 0
Clayse=-=-=momcmmmcmc e ccee 59 70 54
Clay minerals:
Chlorite~=-----=------~--cw---- 1 1 tr
Kaolinite-=--=-=-ccoeococao-u 31 51 23
Illite===---omvmmcmemmccme e 9 11 15
Montmorillonite-====-----ccmu-x 0 0 0
Mixed-layerfi-m--ecomacaoooaann 18 7 16
Clay minerals as proportion of
clay fraction:
Chlorite=~=-=-mececor e 1 i 1
Kaolinitem=-~~cmemcommaccnanan 53 73 42
Illiteme~mmmmmme e e 16 16 27
Montmorillonite===~=-=--==--u== 0 0 0
Mixed-layer¥==-=-eeecacacc-c-n 30 10 30

Location of samples

335. Christensen coal zone, 170 ft above base of member; northeast
side of Last Chance Creck canyon, meas., sec. S22,

477. Lower coal zone, 25 ft above base of member; above Sit Down
Bench about 1,000 ft northwest of top of meas. sec. TS5.

344, Christensen coal zone, 258 ft above base of member; same
locality as 335.

= mixed-layer illite-montmorillonite clays,
trace, less than 1 percent.

T
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fires probably have been in progress, at least intermittently, for several
thousand years, judging from baked mudstone and sandstone that occur in the
oldest pediment and terrace gravels in the region.

Minor lithologies in the coal zones include rare limestone concretions
and rare coquinoid marlstones. The limestone concretions were found in the
central part of the region; they consist of medium-dark-gray (N4) dense
limestone in concretions about 6 inches thick and 2 feet in diameter. The
coquinoid marlstones occur in the northeastern part of the region; they con-
sist of a poorly indurated mass of abundant broken fossil fragments in a
very light gray (N8) matrix of comminuted fossil material and clay.

Fossiliferous beds are scarce in the coal zones, but where present,
the fossils are commonly abundant and are dominated by one or two species.
The fcssils generally occur in thin gray mudstone beds 1-2 feet thick, al-
though a few collections were obtained from thin sandstone and coquinoid

marlstone strata. Crassostrea scleniscus (Meek) is by far the most common

fossil. & summary list of fossils from the coal zones is given below. The
collections were made by G. A. Izett and the writer, and the identifications
ware made by W. A. Cobban, N. F. Sohl, and the writer. In addition to these
fossils, plant microfossils obtained from the lower, Chriscensen, and Rees
coal zones were included in the partial list of spore and pcllen genera given

in the discussion of the barren zones.

Fossils from coal zones in the John Henry Member
of the Straight Cliffs Formation

Christensen coal zone

Annelida Gastropoda
Serpula cf. S. tenuicarinata Meek and Stenomelania? sp.
Hayden Pachychiloides? sp.
Bryozoa Cephalopoda
Undetermined genus and species Ammonite, undet.
Pelecypoda
Inoceramus cf. 1. mesabiensis Berquist .

Inoceramus sp.

Crassostrea coalvillensis (Meek)
Crassostrea soleniscus (Meek)
Unio? sp.

Anomia sp.

Brachidontes sp.

Corbula sp.

Rees coal zone

Crassostrea soleniscus (Meek)
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Key sandstone beds

Marine strata in the northeastern part of the region include seven con-
spicuous cliff-forming sandstone beds and two slope-forming marine mudstone
tongues composed of interbedded mudstone and sandstone.

The seven key sandstone beds, lettered A, B, C, D, E, F, and G, consist
mainly of very light gray (N8) to grayish-orange (1O0YR 7/4) fine-grained well-
sorted sandstone. In thin section, the sandstones consist mainly of subrounded
slightly strained quartz grains containing all the major types of inclusions,
The feldspars rarely amount to more than 10 percent of the rock, and they con-
sist mainly of plagioclase varieties (oligoclase and andesine), although scarce
potassium varieties (orthoclase and rare microcline) are also present. The
feldspars are generally fresh and unaltered. The majority of unstable constit-
uents are subrounded to sharply angular monocrystalline grains of dolomite.
Many of the angular grains clearly show optically continuous overgrowths that
indicate postdepositional precipitation of dolomite on the clastic grainms. A
small amount of clastic calcite can be distinguished from the calcite cement,
but some or all of these grains could be finely divided fossil fragments. The
matrix is generally l2ss chan 10 percent of the rock and consists mainly of
silt-size particles of the other constituents., The accessory minerals are a
small and almost insignificant part of the total mineral assemblage. The fol-
lowing composition is an average of the modal analyses shown on plates 12 and
13. According to the classification used in this report, a rock of the follow-
ing composition would be termed a quartz sandstone.

Average of 45 modal analyses, in percent, of sandstone in the

A, B, C, D, E, F, and G sandstone beds in the John Henry Member
of the Straight Cliffs Formation (cement not included)

All Constituents
constituents (1), (2), (3
(1) Stable grains==----=-=-cemmccmcccmccaonno 80 87
Quartz------------ccm-ccooon-- 75
: Cherte------=c-ccc-cccccccoo—- 3
Quartzite--------=---c-n-c--un 2 .
(2) Feldspars==--=---recccmccccomccreecoceaan 4 4 v
(3) Unstable grains==~----c-mecemcomocaoonauo 8 9
Clastic dolomite==---ev==cec-am 8
Clastic calcite-~===-=-couraa-- tr
(4) Matrix~=-=-c-cmmmmcrcm e memn 8
(5) Accessory minerals (biotite,
garnet, glauconite, musco-
vite, tourmuline, zircon)-------c--eca-- _tr -
100 100

tr = trace, less than 0.5 percent,
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Minor rock types in the sandstone beds include thin conglomerate lenses,
scattered pebbles, and black sandstone lenses (fossil beach placers). Scat-
tered conglomerate lenses as much as 2-3 feet thick occur locally in the A
sandstone bed, and scattered pebbles occur locally in the A, B, C, and D sand-
stone beds. The pebbles are well rounded and consist of quartzite or chert.
The quartzite pebbles consist of subrounded to well-rounded moderately sorted
fine- to medium-grained quartz grains that contain abundant irregular inclu-
sions or scarce acicular inclusions. Rare constituents that collectively
amount to less than 1 percent include chert and feldspar. Jagged interlocking
grain boundaries caused by pressure solution are common. Coarse grains and
small pebbles as large as 7 mm in diameter are common and are conspicuous in
the red quartzites by their light~-gray color. The coarse grains and small
pebbles are composed of quartzite that has a textural and mineralogical com-
position similar to that of the enclosing quartzite pebbles. T. E, Mullens
(oral commun., 1966) examined some of the quartzite pebbles from the conglom-
erate lenses and stated that they appear similar to some of the Precambrian
quartzites that occur in north-central Utah, The chert pebbles are light to
dark gray and vuggy and commonly contain fossil fragments and fusulinids .
which indicate late Paleozoic age. The results of a count of 338 pebbles at
measured section S24 (pl. 10) are listed below. The estimated median diameter
of the pebbles at this locality is 10 mm, and the intermediate diameter of

the largest pebble is 72 mm.

Pebble composition of conglomerate lenses in A sandstone bed
of John Henry Member of Straight Cliffs Formation

Percent

Quartzites==-=-c-memw-cecooceaaa et e L LT 37
Light gray-=---=---ccecermcacrcccraccncnnacax 73
|t e e R L e e L R L i 14

Chert=---==memececec e cc e c e cer e e e e r e e e e e 13
Light gray-=---=-=---c-cceccmccccaaa~- mmme e 8

Dark gray==----=ceoweccmmrme e rr e e e e 5.
100

Several aspects of the pebbles in sandstone beds A to D are significant
when compared to the scattered pebbles in the thick sandstones in the barren
zones of the John Henry Member: (1) quartzite is more abundant in these

beds, whereas chert is more abundant in the barren zonns; (2) red quartzite
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is common in these beds, whereas red quartzite is rare in the barren zones;
and (3) many of the pebbles are considerably larger in these beds than the
pebbles in the barren zones, which seldom exceed 5 mm in diameter. Although
the pebbles have not been found in strata higher than the D sandstone bed,
sand-size grains of red quartzite are found as high as the G sandstone bed.
The above features, and especially the red quartzite grains, are of consider-
able value in separating these sandstones from other sandstone beds in the
barren and coal zones of the John Henry Member. .

Several black sandstone lenses consisting of concentrated heavy minerals
occur at the top of the B sandstone bed in Croton syncline and near the crest
of Rees Canyon anticline. The beds are approximately lens shaped in cross
section and trend about N. 45° W. The thickest and most coacencrated deposits
occur at the Long Shot claims in secs. 4, 5, 8, and 9, T. 40 S,, R. 5 E.,
where the beds are about 200 feet wide and as much as & feet thick (fig. 17).
Strata that include the black sandstone beds at the claims can be traced for
about 1 mile in & northwest direction, although the individual black sandstone
beds appear to ve in lens- and wedge-shaped units that do not continue that
far, 3Brief descriptions and analyses of the black samdstone degosits arc
given by Duw and Batty (1961, p. 1ll-14).

The black sandstone deposits at the Long Shot claims were sampied in
detail by J. F. Murphy and R. S. Houston in 1967, and preliminary results of
some of their work were donated to the writer for this report. The following
table lists the range and average mineralogical composition of heavy minerals
from five of their samples. The heavy minerals totaled 56-77 percent of the
total mineral assemblage.

Mineralogical composition, in percent, of heavy minerals

in black sandstone deposits, top of B sandstone bed
in John Henry Member of Straight Cliffs Formation

Range Average

Opaque mineralg==-~==--~ceeccmeanacca 63-84 73
Zircon-=----~-ce-ssceecommcemmccn oo 15-32 22
Rutile-==--ccmmmmmercccmcc e ccceeaea 1- 5 2
Garnet-m--cccccc e e n e 0- 3 2
Tourmaline==~----=wemcocauaaa-" R 0-1 1
Staurolite-«--=---emcmcmemm e e a 0-1 tr
Sphene-~~-~-mc-mrecmeccenr e e e e - tr tr
Apatite~m--o~vccccc e e e c e e tr _tr

100

tr = trace, less than $.5 percent.
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The sandstone beds locally contain a threefold vertical sequence of
bedding structures that is not found in other sandstones in the member. The
lower unit of the sequence contains horizontal stratification and low-angle

medium- to large-scale trough cross-stratification, the middle unit contains - . .

low- and high-angle medium-scale trough cross-stratification, and the upper

unit contains very low angle (less than about 5°) medium- to large-scale
wedge-planar cross-stratification. Strata containing the lower bedding unit
are grayish orange, strata containing the middle bedding unit are grayish
orange to very light gray, and strata containing the upper bedding unit are
very light gray to white., The black sandstone deposits are local occurrences
in beds containing the upper bedding unit.

The lower vedding unit is the most common of the three types, and except
in the southwesternmost part of each bed, the lower unit is always present
whether or not the other types are present. The three bedding units are com-
monly absent in the southwesternmost parts of the beds where abundant mottles
and burrows indicate that burrowing organisms have obliterated any bedding
structures that might have been formed. Part or all of the vertical pzdding
sequence may be found locelly repeated in the same bed, although this is not
common. This is because the beds actually consist of several parts, and the
partial or complete sequence is found in each part.

Plates 10 and 11 show that the A to G sandstone beds interfinger ccnsid-
erably more complexly than is suggested by the simplified relations stown in
figure 16. The A, B, C, D, and G sandstones could be subdivided further but
the present nomenclature is already sufficiently complex. The significance
of the interfingering is that each of these beds is composed of several parts
that are approximately lens shaped in a northeast-southwest direction, and for
this reason the sandstone beds should not be thought of as simple tabular
bodies.

The key sandstone beds are commonly 50-100 feet thick, and locally some
are ‘as much as about 200 feet thick. The A, B, C, and G sandstone beds can
be traced or correlated 50 miles northwest along or within several miles
southwest of the Straight Cliffs escarpment, and detailed stratigraphic
studies in the many canyons northwest of Left Hand Collett Canyon would
probably demonstrate that the other beds also extend that far. The E and

F sandstones are about 5 miles wide in a northeast direction, and although
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the A, B, C, and D sandstones are eroded at the Straight Cliffs escarpment,
evidence from thickness trends suggests that the B, C, and D sandstones were
originally about 20 miles wide and that the A sandstone was originally about
30 miles wide. The G sandstone, or at least its lithogenetic equivalents, -
probably extended 50 or more miles northeast to the Henry Mountains region.
Well-preserved fossils are uncommon in the sandstone beds, but finely
divided fragments of oysters and inocerams occur in many places. The A
séndstone contains the most abundant and varied fossil fauna. Inoceramus
involutus, generally %-1 foot long, is the most conspicuous fossil in this
bed because of its relatively large size. The burrow structure Cphiomorpha
sp., probably formed by a burrowing arthropod similar to the living decapod

crustacean Callianassa major Say (Weimer and Hoyt, 1964), is commonly found

near the base of the sandstones or is locally abundant in the southwestern=-
most parts of several of the beds. A summary list of fossils from these
beds follows. They were identified by W. A. Cobban, D. H. Dunkle, Nicholas

Hotton 3d, and the wricer.

Fossils from the A to G sandstone beds, John Henry Member of the
Straight Cliffs Formation

A sandstone bed

Peliecypoda Cephalopoda
Inoceramys. (Volviceramus) Baculites asper Morton
involutus Sovierby Placenticeras sp.

I. cf. I. stantoni Sokolow

b ? .
Inoceramus sp. Arthropoda? sp

Ostrea congesta Conrad Ophiomorpha sp.
Ostrea sp. Vertebrata~-~Chondrichthyes (sharks
Crassostrea soleniscus (Meek) and skates)
Cardium cf. C. curtum Meek and Shark teeth, undet.
Hayden

Vertebrata--Reptilia

. . C. paup k i .
€. cf. C. pauperculum Mee Turtle carapace fragments, undet.

Cymbophora? sp.
Gastropoda
Gyrodes cf. G. depressus Meek

B sandstone bed

Pelecypoda Gastropada
Inoceramus sp. Gyrodes cf. G. conradi Meek

G. cf. G. depressus Meek
Rostellites? sp.
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Fossils from the A to G sandstone beds, John Henry Member of the
Straight Cliffs Formation--continued

C sandstone bed

Pelecypoda
Ingceramus sp.
Crassostrea coalvillensis (Meek)

D sandstone bed

Pelecypoda Arthropoda?
Ostrea sp. 4 Ophiomorpha sp.
Cephalopoda

Baculites sp.

E sandstone bed

Pelecypoda Arthropoda?

Inoceramus sp. Ophiomorpha sp.

Ostrez sp. Vertebrata--~Chondrichthyes
Cephalopaca Shark teeth, undet.

Baculites sp.

G sandstone bed

Pelecvpoda
Inoceranus cf. I, (Cordiceramus) mUlleri Petrascheck

Marine mudstone tongues

The lower and upper marine mudstone tongues consist of slope-forming
units of interbedded sandstone and mudstone (fig. 15). Several other thin
marine mudstone tongues occur between the A, B, C, and D sandstones and are
included in the following descriptions.

The sandstone beds in the marine mudstone tongues are grayish orange
(LOYR 7/4) to pale yellowish brown (10YR 6/2) and consist mainly of well-
sorted very fine grained sandstone. Thin-section analyses indicate that
they have nearly the same mineralogical features as the A to G sandstones
except that the percentage of feldspars is relatively low and the percentage
of clastic dolomite grains is relatively high. Bedding is of the same types
that occur in the lower bedding unit in the A to G sandstones, although
ripple cross-laminated beds are also common. Most ' 'of the sandstones in the
marine mudstone tongues appear to be northeastward-extending tongues of the

A to G sandstones that are too thin to be traced well in the field. The
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following composition is an average of the modal analvses shown on plates
12 and 13. According to the classification used in tZis report, a rock of

the following composition would be termed a subfeldsgzthic sandstone.

Average of 15 modal analyses, in percent, of szndstone in the
marine mudstone tongues of the John Henry Mzmber of the
Straight Cliffs Formation (cement not ZIncluded)

All Constituents
constituents: (1), (2), (3)
(1) Stable grains------=---=------c-c-oo-- 73 ’ 82
Quartz-=------------c--c----- 73
Chertesecemcmcmcrmcecceanaa 1
Quartzite-------=~-mmm--m-ao 1
(Z) Feldspars==-=-e-ememecmmcmemc e 2 2
(3) Unstable grains==--=------ccccmconao 13 16
Clastic dolomite------------ 15
Clastic calcite--=-=-~---=-=-= tr
(4) Matrix=-=-c-emmoocmcm e 7
(5) Accessory minerals (biotite,
garnet, glauconite, musco-
vite, tourmaline, zircon)=-~------=== 1
10C 100

tr = trace, less than 0.5 percent.

The mudstone beds are medium dark gray (N4) or, _ess commonly, light
olive gray (5Y 6/1) and are very thin to thin bedded. The mudstcne probably
amounts to less than 50 percent of all the beds in th: mudstone tongues.

Minor lithologies in the mudstone tongues inclucz= small limestone con-
cretions and thin conglomerate lenses. Several small gray unfossiliferous
dense limestone concretions were found in about the middle of the lower .
marine mudstone tongue at the Straight Cliffs escarpmant, Conglomerate lenses
less than 3 feet thick occur locally at the base of t=e lower marine mud-
stone tongue (fig. 18). The clasts are well rounded =nd range to as large

~as cobble size (as much as 6 in. long). They agg_93539§§g“g§ihly,g§~gggwggwm v

gray quartzite (pebbles and cobbles) or less commonly of chert (pebbles),

Strata in the lower part of the lower marine mudstone tongue apparently

thin and pinch out southwestward by onlap on the uncczformable surface at
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the base of the John Henry Member. Other Beds in this tongue and strata in
the other tongues grade southwestward into the A to G sandstone beds.
Well-preserved fossils are uncommon in the marine mudstone tongues, but
finely divided fragments of oysters and inoceramids occur in many of the
sandstones. The burrow structure Ophiomorpha sp. is the most abundant fossil
that was found. A summary list of fossils from the lower and upper marine
mudstone tongues is given below. The fossils were identified by W. A, Cobban,

D. H. Dunkle, Nicholas Hotton 3d, and the writer.

Fossils from the lower and upper marine mudstone tongues,
John Henry Member of Straight Cliffs Formation

Lower marine mudstone tongue

Pelecypoda ’ Arthropoda?
Inoceramus cf. I. stantoni Sokolow Ophiomorpha sp.

Inocerzmus sp.

Ostrea sp.

Aoomia? sp.

Cardiwa cf. C. pauperculum Meek

Vertebrata--Chondricnthyes (sharks
and skates)
Lamna appendiculata Agassiz

Ptychodus sp.

Gastropcda
Cyrodes cf. G. depressus Meek

Cephalopoda
Baculites asper Morton
Baculites codyensis Reeside
Scaphites sp.
Placenticeras sp.
Protexanites shoshonensis (Meek)

Upper marine mudstone tongue

Annelida Arthropoda
Serpula sp. Ophiomorpha sp.
Pelecypoda

Inoceramus (Endocostea) cf. I.
balticus BYhm

I. (Sphenoceramus) sp.

Inoceramus sp., with a truncate
anterior margin

Ostrea sp.

Crassostrea soleniscus (Meek)

Cardium cf. C. pauperculum Meek

A large sandstone block that contained abundant fossils was found at
the foot of the Straight Cliffs escarpment near Fiftymile Point. The block

) probably came from the lower marine mudstone tongue or the A sandstone bed.
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Although the shells were probably concentrated by currents, the assemblage
indicates that a greater variety of animal life existed during deposition of
the John Henry Member than is evident from collections at any other locality
in the region. Fossils in this block were identified by W. A. Cobban and

are listed below.

Pelecypoda Gastropoda
Nucula sp. Gyrodes aff. G. depressus Meek
Inoceramus stantoni Sokolow Euspira? sp.
Oxytoma sp. Xenophora sp.
Ostrea sp. Turritella sp.
Anomia subguadrata Stanton Anomalofusus? sp.
Cardium sp. Actaeon? sp.

Tellina sp.

Cymbophora so. Cephalopoda

Baculites asper Morton

Scaphopoda Scaphites sp.
Dentalium sp. Placenticeras n. sp.

Undetermined heteromorph ammonite

General

The foregoing paragraphs have shown that the John Henry Member is com-
posed of four different assemblages of lithologies, namely those in the barren
zounes, coal zones, key sandstone beds, and marine mudstone tongues. The four
types of litlologic units reach their greatest thicknesses in different parts
of the regicn, with the result that certain lateral changes in the member are
fairly clear. Thus, in the southwestern part of the region, yellowish-green
mudstones and fine-grained poorly to moderately sorted sandstones of the barre-
zones are common. In the central part from Warm Creek syncline to Last Chance
syncline, carbonaceous mudstones, coal, and very fine grained moderately sortec
sandstones of the coal zones are common. In the northeastern part at Rees
Canyon anticline and in most of Croton syncline, the fine-grained well-scrted
thick cliff-forming key sandstone beds are common.‘ And in the northeastermmos:
part at the Straight Cliffs escarpment, the interbedded very fine grained
well-sorted sandstones and gray mudstones of the marine mudstone tongues are
common. The lateral variations in the member are especially apparent in the
textural and mineralogical composition of the sandstones (pls. 12, 13).
Table 6 allows comparison of the average of modal analyses from sandstones in
each of the measured sections shown on plates 12 and 13 and the average of
all the modal analyses that were made. The difference in quartz and matrix

content is especially apparent.
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TABLE 6.--Comparison of average of modal analyses, in percent, from
sandstone in four measured sections, and average of all analyses

(Southwest) (Northeast)

Measured section

S7 S3, S22 529 S34 All
No. of samples

33 30 24 34 121
Stable grains------ 52 61 78 80 67
Quartz--=----=----- (44) (56) (72) (76) {61)
Cherfmvmwemeeeean ( 4) ( 4) (&) (3 ( 4
Quartzite-=------ ( 4) (1 (2 (L) { 2)
Feldspars===---==--- 9 4 5 3 5
Unstable grains=---- 10 10 10 10 10
Clastic dolomite- ( 7) (9 (10) (10) { 9)
Clastic calcite-- ( 3) ( 1 ( 0) (tr) ( 1)
Matrix==-===-=w-c-ua 27 24 7 7 17
Accessory minerals- 2 1 tr tr 1

tr = trace, less than 0.5 percent.
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The John Henry Member has a minimum thickneés of about 660 feet cver
the Nipple Bench and Smoky Mountain anticlines. The member is thickest in
Croton syncline where a restored section totaled about 1,120 feet. In the
northwestern Kaiparowits region, the group of beds that includes units 10-31
above the base of a section measured by J. C. Lawrence (in Robison, 1966,

P. 21-23) and tentatively assigned by the writer to the John Henry Member
is 657 feet thick.

The position of the unconformity at the base of the John Henry Member
is generally easy to recognize by the sharp color contrast of the carbona-
ceous mudstones and generally gray sandstones near the base of the member with
the white to very light gray Calico bed at the top of the underlying Smoky
Hollow Member., Wwhere the Calico bed is missing, the unconformity can usually
be found by the diffefence in character of the mudstones and sandstones
above and below the contact. Red and light-gray quartzite pebbles and cobbles
and chert pebbles in conglomerate lenses or as scattered clasts generally
occur at che base of the lower marine mudstone tongue in the northeastern
part of the region. The quartzite pebbles, and especially the rsd quartzite
pebbles, are rare in the Smoky Hollow Member, which commonly counteins small
quartz, feldspar, and chert pebbles.

The upper part of the John Henry Member probably interfingers with the
lower part of the Drip Tank Member, but this cannot be demcnstrated conclu~
sively because talus conceals the contact in many places. Where exposures
are good, the upper contact is placed at the top of the highest mudstone bed
underlying the thick cliff-forming sandstone of the Drip Tank. Where expo-
sures are poor, the contact can be placed at the bottom of conspicuous and
laterally continuous sandstone beds that occur at or near the mudstone-
sandstone contact and that can be traced laterally as key beds.

Fossils that are diagnostic of age are not common in the John Henry
Meqber, but several species indicate reasonably good age assignments and

correlation. Inoceramus cf, I. stantoni and Protexanites shoshonensis in

the lower marine mudstone tongue and I. cf. I. stantoni and I. (Volviceramus)

involutus in the A sandstone bed indicate that the lewer part of the John

Henry Member is late Coniacian in age (W. A, Cobban, written commun., 1966;
Scott and Cobban, 1964, p. 5). Inoceramus (Sphenoceramus) sp. and Inoceramus

(Endocostea) cf. I. balticus came from the lower part of the upper

83




marine mudstone tongue, and Inoceramus sp. which has a truncate anterior
margin came from the upper part of the upper marine mudstone tongue.

Inoceramus cf. I. (Cordiceramus) mlilleri was found in the G sandstone bed.

According to W. A, Cobban (written commun., 1966, 1968), these fossils
indicate an approximately early Campanian age. Accordingly, the middle part
of the John Henry Member is of Santonian age. Strata in the Alvey coal zone
are probably also early Campanian in age because the Alvey coal zone inter-
fingers with the G sandstone bed and because palyncmorphs that suggest
middle to late Campanian age were found in the upper part of the Kaiparowits
Formation about 3,000 feet above the top of the Straight Cliffs Formation in
the northwestern Kaiparowits region (R. H. Tschudy and S. D. Van Loenen,
written commun., 1967; Bowers, 1968).

The paleontological evidence indicates that the John Henry Member
ranges in ags from about late Coniacian to early Campanian (table 3). In
terms of the standard reference sequence of formations for the Western
Interior region, the John Henry correlates with the middle and upper parts
of the Smoky Hill Shale Member of the Niobrara Formation at Pueblo, Colo.
(Scott and Cobban, 1964) and probably with the lowermost part of the Gamacn
Ferrugincus Member of the Pierre Shale at Red Bird, Wyo. (Gill and Cobban,
1966). The lower and upper marine mudstone tongues correlate approximately
with the Mulatto and Satan Tongues, respectively, of the Mancos Shale in
the San Juaan Basin of New Mexico (fig. 9). Correlation with rocks in Black

Mesa, Ariz,, is indicated in figure 8.

DRIP TANK MEMBER

The Drip Tank Member of the Saraight Cliffs Formation is a cliff-forming
sandstone unit that is resistant to erosion and generally supports an irregu-
lar bench or stripped structural surface at the top of the Straight Cliffs
Formation (fig. 14). The lower part éf the member generally forms cliffs,
although talus accumulations conceal the.lower contact in many places. The
upper part of the member and the lower part of the overlying Wéhweap Forma-
tion are generally stripped back and form a broad bench. Windblown sand on
this bench and talus accumulations at the foot of bluffs that are composed

of the Wahweap Formation conceal the uppermost part of the Drip Tank Member
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in many places. The member was named for exposures =zar the mouth of Drip
Tank Canyon in the NE%NE% sec, 24, T. 40 8., R. 3 E., Xane County, Utah
(Petersecn, 1969).

The Drip Tank Member consists mainly of pale-ye_lowish-brown (10YR 6/2)
to grayish-orange (lOYR 7/4) fine- to coarse-grained zoorly to moderately
sorted sandstone. Bedding is generally of trough-ty:= cross-stratification
and is small to medium scale and low to high angle. The sandstone consists
mainly of subangular slightly strained quartz grains containing all the major
types of inclusions. The feldspars generally amount o less than about 15
percent of the rock and are mainly of the plagicclas:z varieties (oligoclase
and andesine), althcugh scarce potassium varieties (:--thoclase and rare
microcline) are also present. Some of these grains :re mocderately altered,
and probably part of the clay mineral fraction in th: matrix originated from
postcepositional alteration of the feldspars. The clzstic dolomite grains
are polycrystalline aggregates or monocrystalline grzins. Approximacely 15
© percent of the sandstone is silt- and clay-size matri:: in which the clay
,minerals hove the optical properties of the kaolin z~z montmerillonice groups.

- The accessory mincrals are a small and almost insigrniZicant part of the

" mineral assemblags. The sandstone is moderately cemzzted by calcite and is

fairly porous. The following is an average of the nzlal analyses shown on
plates 12 and 13. According to the classification uszd in this report, a rock
of the following composition would be termed an impuz:z feldspathic sandstone.

Average of 13 modal analyses, in percent, of sand:tone in Drip Tank
Member of Straight Cliffs Formation (cement -ot included)

All Constituents
constituzzts (1), (2), (3)
(1) Stable grains===---==-===-e--cmcmocoaooaoann 73 87
Quartzee-----c~cmccmcnco e e -~ 52
Chert-~---~--cc-voceccnonmconaaa- 11
Quartzite~=----=---mcc-acccocooaa- 10
(2) Feldspars-~-===----ccwoemocamanau- mm e 8 10
(3) Unstable graing==-===---ce=-ccccmcmcoccnaan 3 3
Clastic dolomite--------~-------- 3
Clastic calcite-=-----==--=v-c---a 0
(4) Matrixe=-=---cececmommmc e oo 15
(5) Accessory minerals (biotite, garnet,
glauconite, muscovite, tourmaline,
Zircon)-ve--s-emecmc e ececee e 1 .
129 100
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Minor lithologies in the Drip Tank Member include scattered pebbles
and pebble conglomerate lenses, mudchip conglomerates, and thin mudstone
tongues or lenses. The scattered pebbles and pebble conglomerate lenses
occur mainly in the lower 50-80 feet of the member, and they are more abun-
dant southwest of Smoky Mountain anticline. The pebbles are generally of
chert and are less than about 16 mm in diameter, although some as large as
25 mm were found in the southwescern part of the region. Clear quartz and
feldspar as coarse and very ccarse sand grains, or rarely as granules,
commonly coccur with the chert pebbles. The pebble composition of the con-
glomerate lenses at measured section S1 near Nipple Butte is listed below
and is based on a count of 393 pebbles. The quartz and feldspar grains at
this locality were of sand size and, therefore, these minerals were not

included in the count.

Pebble composition of conglomerate lenses in lower part
of Drip Tank Member of Straight Cliffs Formation

Percent
Chert:
Light gray=---=--eccecomcr e e 8
Dark gray=-----=-=c-cecmccmrmnaaeann 15
Pink-=-omomme e r e re e e e e e e 1
100

Scattered mudchip conglomerate lenses as much as 3 feet thick are
scarce but have been found in the upper part of the member. The clasts are
of dusky-yellow (5Y 6/4) to light-olive-gray (5Y 6/1) mudstone and are en-
closed in a matrix of fine- to medium-grained poorly sorted poorly to moder-
ately cemented sandstone. Scattered mudchip clasts may be found in any part
of the member, but they are not common,

Dusky-yellow (5Y 6/4) to light-olive-gray (5Y 6/1) very thin to thin
bedded bentonitic mudstone lenses that are as much as 20 feet thick are
séarce but may be found in any part of the member. Thin beds of the same
lithology commonly occur near the top of the member and are tongues of the
Wahweap Formation that are too thin to map separately.

The upper part of the Drip Tank Member interfingers with the lower part
of the Wahweap Formation, and where exposures are good, the upper contact is

placed at the base of the lowest mudstone bed overlying the thick
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cliff-forming sandstone of the Drip Tank Member. Where exposures are poor,
the contact can be placed at the top of prominent and laterally continuous
sandstone beds that occur at or near the sandstone-mudstone contact and that
can be traced laterally as key beds.

The Drip Tank Member is about 141-255 feet thick in the southeastern
Kaiparowits region. In the northwestern Kaiparowits region the highest unit
in a section measured by J. C. Lawrence (in Robison, 1966, p. 21) and tenta-
Eively assigned by the writer to the Drip Tank Yember is 523 feet thick.

Fossils are generally poorly preserved and fragmented in the Drip Tank
Member. Petrified logs and fragments of petrifiad wood and vertebrate bones
were found throughout the member but are more z>undant in about the lower
half. D. H. Dunkle and Nicholas Hotton 3d iden:cified some of the collected
material as Trionyx? sp. (soft-shelled turtle). E. V. Stephens (oral commun.,
1967) found shark teeth in the member about 9 miles northwest of Escalante,
Utah, in the northern Kaiparowits region. These are long-ranging fossils and

' fare not diagnostic of age.
nk;; The Drip Tank Member is probably early Cazzanian in age on the basis of

Al ¥

;vfgﬁhdirect evidence from fossils in older and younzer beds. Early Campzanian

'}foASSils occur about 150 feet below the Drip Tank in the G sandstone bed of
the John Henry Member., Strata in these members apparently represent con-
tinuous deposition, and the members are not sepzrated by an unconformity.
Palynomorphs that suggest middle to late Campanian age occur about 3,000
feet above the Drip Tank in the upper part of the Kaiparowits Formation in
the northwestern Kaiparowits region (R. H. Tschudy and S. D. Van Loenen,
written commun., 1967; Bowers, 1968). From this evidence it is clear that
the Drip Tank is Campanian in age, and proximitr to early Campanian beds
suggests that the Drip Tank Member is of early Czmpanian age (table 3).
This age assignment suggests that the Drip Tank correlates approximately
with the lower part of the Gammon Ferruginous lzmber of the Pierre Shale
at Red Bird, Wyo. (Gill and Cobban, 1966) or possibly with the uppermost
part of the Smoky Hill Shale Member of the Niobrara Formation at Pueblo,
Colo. (Scott and Cobban, 1964). Correlation with rocks in the San Juan

Basin of New Mexico is shown in figure 9.
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Wahweap Formation

The Wahweap Sandstone was named by Gregory and Moore (1931, p. 91,
104-106) for exposures on upper Wahweap Creek about 15 miles northwest of
Glen Canyon City, Utah., The formation consists mainly of interbedded mud-
stone and sandstone, and for this reason Peterson and Waldrop (1965, p. 65-66)
applied the more general name Wahweap Formation to these beds. Because mud-
stone is the dominant lithology near the base and sandstone is the dominant
lithology near the top, the lower part of the formation weathers easily to
smeeth and rounded slopes that commonly are concealed by talus and windblown
sand and silt; the upper part of the formation is resistant to erosion,
weathers to cliffs, and forms a broad bench or stripped structural surface
(fig. 19). The Wahweap was not studied in great detzail, but the following
description gives an understanding of the general lithology of the formaticn

.. and furnishes the background for conclusions regarding deposition and struc-

o~ ‘tural movements in the region.
¢ e

“

* Sandstone is the dominant lithology in the upper parct of the Wahweap

1=

iff-formin

et
[Ce]

(fig. 20), and the top of the formation is capped by ua prominent c

- sandstone unit that is commonly 250-350 feet thick (fig. 19). Tne sandstone

is generally grayish yellow (5Y 8/4) to dark yellowish orange (LOYR 6/6),
fine to medium grained, and poorly to moderately sorted,

Thin sections were made only of sandstones near the base of the forma-
tion, but in these the rock consists mainly of subangular slightly strained
quartz grains containing all the major types of inclusions. The feldspars
generally amcunt to about 15 percent of the rock and are mainly of the plagio-
clase varieties (oligoclase and andesine), although scarce potassium varie=-
ties (orthoclase and rare microcline) are also present. Some of these grains
are moderately altered, and probably part of the clay mineral fractiom in
the matrix originated from postdepositional alteration of the feldspars.

The clastic carbonate grains are rare and consist mainly of polycrystalline
aggregates of dolomite or calcite., Approximately one-fourth of the sand-
stone is silt~ and clay-size matrix in which the clay minerals have the
optical properties of the kaolin or montmecrillenite groups. The accessory
minerals are a small and almost insignificant part of the mineral assemblage,

The rock is moderately cemented by calcite, but except for the beds at the
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top of the formation, the sandstone is not very porous because of the high
matrix content., The following is an average of the modal analyses shown on
plate 12, The analyses were made on samples from the base of the formation
and may not be representative of sandstones in the rest of the formation,
although significant differences cannot be noted with a hand lens. According
to the classification used in this report, a rock of the following composition

would be termed an impure feldspathic sandstone.

Average of seven modal analyses, in percent, of sandstone
near base of Wahweap Formation (cement not included)

All Constituents
constituents (1), (2), (3)
(1) Stable grains=--==--c=cmcm-mmomoooanno 55 76
Quartz-=----=-c-ceocmmae e 45
Cherte=-cveremmmecre e r e - 7
Quartzite=-----=-----m--ocu-- 3
(2) Feldspars=---=--==-ccoommmmcm i ceen o 15 21
(3) Unstable grains=------=-----ecc-cuoa-- 2 3
Clastic dolomitew«===v-vc-e=-u- 1
Clastic calcite~--=-=-=-oce-- 1
(4) Matrixe------ecccmmmcmccc e e e 27
(5) Accessory minerals (biotite,
garnet, glauconite, musco-
vite, tourmaline, zircon)----- emm——— 1
100 100

Thé thicker sandstones (more than about 5 ft thick) generally contain
small- to medium-scale low- to high-angle trough cross-stratification and
rare horizontal stratification. ‘Commonly, the beds grade upward into very
fine grainéd ripple cross-laminated sandstone in the upper 1-3 feet,.

Thinner sandstone beds (less than about 5 ft) coﬁmonly have small-scale
low-angle cross-stratification or ripple cross-lamination.

Mudstone that weathers to a general yellowish-green color is the common
lithology in about the lower 500 feet of the formation. The mudstone is
dusky yellow (5Y 6/4) to light olive gray (5Y 6/1) at fresh exposures, very
thin to thick bedded, and bentonitic. Thin sandstone beds are commonly

interbedded with the mudstone.
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Minor lithologies include carbonaceous mudstone lenses, scatters
pebbles or pebble conglomerate lenses, and mudchip conglomerate lemszs.
Medium-gray (N5) carbonaceous mudstone is rare but occurs in lenses zzner-
ally less than 3 feet thick in the other mudstones. Some of the sazZIstones
also contain thin laminae of carbonaceous mudstone. Scattered pebblzs occur
in many of the thicker sandstone beds, and thin pebble conglomerate _enses
that are generally less than 2 feet in maximum thickness occur in czz upper
part of the formation (fig. 20). The clasts are composed mainly of light-
and dark-gray chert pebbles less than about 16 mm in diameter., Clez= quartz
and feldspar pebbles less than about 8 mm in diameter are also comxmon, and
red chert pebbles less than about 8 mm in diameter are rare. Scattzrad mud-
chip conglomerate lenses generally less than 8 feet thick occur in :zze lower-
most beds of the formation (fig. 21). The clasts are of dusky-yelli:=< to
light~olive-gray mudstone and are enclosed in a matrix composed of Zine- to
medium~-grained poorly sorted poorly to moderately cemented sandstorz.

The upper contact of the Wahweap Formation could not be determined
because it occurs on a broad bench that is covered by windolown sazi and
silt. In other parts of the Kaiparowits region, however, the conta:z: occurs
where the light-colored cliff-forming sandstone at the top of the W :iTweap
grades intc dark-colored slope-forming sandstone and mudstone at tiz base of
the overlying Kaiparowits Formation. Judging from this, it is likelyr that
the contact is within about 50-100 feet of the top of measured sectizas W3,
W4, and W5 shown in figure 20.

The Wahweap totals 1,172 and 1,502 feet, respectively, at inco=dlete
measured sections W5 and W3 shown in figure 20. Because it is belizved that
the upper contact is within 50-100 feet of the top of the formation =zt these
localities, the thicknesses given above seem to be a reasonable miz‘=um ap-
proximation of the true thickness of the formation. The Wahweap is 500-1,364
feet thick in the northwestern Kaiparowits region (Robison, 1966, p. 25-26;
Bowers, 1968), and Gregory and Moore (1931, p. 105) found that the Zormation
averages about 1,250 feet thick throughout the Kaiparowits Plateau.

AN

Fossils are generally scarce in the Wahweap Formation, althoug- they are
surprisingly common at measured section WL (tig. 20) in the southwestern part
-of the region. Vertebrate bone fragments are common in some of the sandstone

beds but generally they are not adequately preserved to merit collsction, and
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those that are well preserved are too firmly embedded in the rock to be
extracted, The following summary list of fossils is from several collec-
tions made by G. A. Izett, G. W. Horton, R. L+-Sutton, H. A. Waldrop, and
the writer; they were identified by W. A, Cobban, G. E. Lewis, R. E. Peck,
R. A, Scott, I. G. Sohn, and the writer.

Fossils in the Wahweap Formation

Pelecypoda Vertebrata
Plesielliptic sp. Osteichthyes (bony fish)
Proparreysia aff. P. baueri lLepidosteus sp. (garpike)
(Stanton) cqa
Reptilia

Proparreysia P. gardneri (Stanton)
Proparrevsia sp.

Undetermined turtle
Undetermined crocodile

Gastropoda Undetermined hadrosaurian
Viviparus sp. . ornithischian dirosaur

Campeloma cf. C. nebrascensis Plante
(Meek and Hayden) Cha
Campaloma sp. hara n. Sp.
0D Mescchara n. sp.

Tulotcmons aff. T. laevibasalis Yen - - . -
e - Undetermined coniferous wood
Tulotomops s

s ” e
Physa <o. Cercidiphyllum? sp.; (fruit)

Ostracoda
Cypridea spg.
Undetermined ostracodss

Ty

The foussilils indicate a Late Cretaceous age for the Wahweap tormation,
but the underlying John Henry Member of the Straight Cliffs Formation con-
tains fossils that indicate an early Campanian age, and the upper pact of
the overlying Kaiparowits Formation contains palynomorphs that suggest middle
to late Campanian age (R. H. Tschudy and S. D. Van Loenen, written commun.,
1967; Bowers, 1968). The fossils in these formations indicate that the
Wahweap Formation is probably early and middle Campanian in age and that
the formation correlates approximately with the lower and middle parts of
the Pierre Shale at Red Bird, Wyo. (Gill and Cobban, 1966, p. 35). The
thick upper sandstone unit of the Wahweap is similar to the Castlegate
Sandstone of the Book Cliffs region in that both of these units are wide-
spread fluvial sandstones. According to W. A. Cobban (oral commun., 1969),
the best estimate of the age of the Castlegate is that it correlates with a
nmiddle Campanian faunal zone that is characterized by an unnamed smooth
species of Baculites that occurs between the zones of B. perplexus and B.

asperiformis in the sequence of Western Interior ammonite zones suggested

’
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by Gill and Cobban (1966, p. 35). This long distance correlation with the
Castlegate, although tenuous, is in agreement with an early and middle
Campanian age assignment for the Wahweap. This age suggests that the lower
and middle parts of the Wahweap Formation are the same approximate age as
the Mesaverde Formation and the Masuk Member of the Mancos Shale in the Henry
Mountains region (Hunt and others, 1953). Correlation of the Wahweap with

rocks in the San Juan Basin of New Mexico is shown in figure 9,

Formations in northwestern Kaiparowits region

Two Upper Cretaceous formations that.are younger than the Wahweap
Formaction occur in the northwestern part of the Kaiparowits region. The
Kaiparowits Formation consists of slope-forming bluish-gray sandstone and
minor mudstone (Robison, 1966, p. 27-28) and is as mach as 2,756 feet thick
(Lohrengel, 1968). The Kaiparowits conformably overlies the Wahweap, and
apparentiy these formations represent a continuous sequence of deposition.
Contrary to the opinions expressed by Van De Graaff (1963, p. 68) and
Lessentine (1965, p. 2017), there is no evidence that an unconformity sepa-
rates these formations. On the basis of palynomorphs, the upper part of the
Kaiparowits is about middle to late Campanian in age, according to R. H.
Tschudy and S. D. Van loenen (written commun., 1967) and Bowers (1968).

A newly discovered Upper Cretacecus formation about 0-900 feet thick
that consists mainly of red to gray mudstone and conglomarate overlies the
Kaiparowits Formation. According to W, E. Bowers (oral commun., 1969),
local ercosion of the Kaiparowits Formation occurred prior to deposition of
the mudstone and conglomerate unit, but it has not yet been determined
whether this is strictly a local phenomenon in an otherwise continuous
sequence of beds or if an unconformity separates these two formations. The
lower part of the mudstone and conglomerate unit contains late Campanian
palynomorphs (R. H. Tschudy and S. D. Van Loenen, written commun.,, 1967;
Bo&ers, 1968), and the unit is probably entirely of late Campanian age.

The approximate correlation of the Kaiparowits Formation and tﬁe muds tone
and conglomerate unit with rocks in the San Juan Basin of New Mexico is

shown in figure 9.
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SEDIMENTARY FACIES

The concept of facies as applied to sedimentary rocks was first proposed
by Armand Gressly (1836, 1838, 1840, 1841), who used the ter= to describe
local lithologic or paleontological differences in Jurassic formations of
northwestern Switzerland,

"I was thus able to recognize in the horizontal dimemnsicn of each

formation various well-marked lateral changes that had constant

peculiarities not only in the petrographic make-up but zlso in

the palaecntological character (or aspect) of the assexzblage of
ot ats

fossils * * %" (Gressly, 1838, p. 10-11; translation by Schenck,
1961, p. 8).

Gressly also recognized that the local differences in tie formations

were at least partly the result of deposition in different exnvironments.

p

"I think that the changes, whether petrographic or pa
that one sees in a formation in its horizontal extent
by the different euvironments and other circumstances
the present day influence so decidedly the different

species of organisms populating the modern seas' (Gre
P. ll; translation by Schenck, 1961, p. 8).
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Gressly did not use a precise scheme in applying names to the facies;
instead, he named them according to the particular sediment type, fossils,
or enviromnment that seemed to characterize each., Thus, in zis various re-
ports, he wrote of mud facies with hydrozoans, coralline facies, littoral
mud facies, pelagic facies, and open marine facies.

The term facies is used in this report in essentially cthe same context
as that used by Gressly. The Cretaceous formations in the southeastern
Kaiparowits region are composed of several different types of rock units or
facies in which the lithologic and paleontological aspects are consistently
different, These differences were largely caused by contemcoraneous depo-
sition in geographically separated enviromments--each of which had its own
characteristic physical, chemical, and biological processes. The lithologic
and tectonic character of the source area was also important in governing
the type and the quantity of detritus carried into the region, and the
tectonic framework of the depositional region was important i& governing
the distribution and the occurrence of depositional envircn—ents. Thus,

the Cretaceous formations are best understood in terms of the different
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facies of which they are composed, or, to put it another way, tha2 formations

3£g_§g§L~understh§M;gmterms of the environments in which their Zithologic

subdivisions were deposited.

e - o s e s e

Unfortunately, the lithologic and paleontological character: that serve
to distinguish the various environments of deposition are not evzarywhere
present or apparent. Some beds could have been deposited in any one of
several environments, and other beds lack diagnostic features oz the out-
crop that would aid in determining the conditions of deposition. Lithologies
that fall under these categories must be interpreted on the basisz of their
association wich other nearby beds or on the basis of the gererz. horizontal
and vertical depositional framework of the stratigraphic units.

Five breoad categories of sedimentary facies are recognized In the region,
and, for continuity of thought, two others from nearby regions zre discussed.
The facies are established on the basis of evidence from fossilsz, lithologies,
bedding structures, geometry of beds, and lateral gradations. S:zrarti
position zand ccomparison with modern depositional environments hzwvs also been
considered. All the facies interfinger to some extent, but the _zteral
boundary betwesen severzl of the facies is marked by considerable interfinger-
ing and lateral gradation; in these cases, the boundary must bz :laced some-
what arbitrarily where strata of one facies dominate over the o:izer. The
interfingering, however, is a common geological phenomenon foun in Cretaceous
rocks of the Western Interior (Sears and others, 1941; Hollenshzzd and
Pritchard, 1961). The seven depositional facies that are recogmized in this
report are listed in table 7. They are arranged in order with s:rata at the
top of the list having been deposited in or near the source arez and strata
at the bottom of the list having becen deposited farthest from tl2 source
area. The succeeding discussion shows that the list is somewha: idealized,

and exceptions do occur.

Piedmont Facies

Principal features.--Rocks of the piedmont facies do not oczur in the

southeastern Kaiparowits region, but the unnamed mudstone and ccaglomerate
unit in the northwestern part is probably fairly representative. Spieker
(1949, p. 60) briefly described the facies in central Utah as cczsisting of

conglomerate, red beds, and fresh-water limestone., The Indianclz Group,
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also in central Utah, was included in the piedmont facies by Spieker. Accord-
ing to Hardy and Zeller (1953, p. 1266-1267), the Indianola on the Cunnison
Plateau consists mainly of cobble and boulder conglomerate and contzins
relatively small quantities of interbedded red, light-gray, and ligzz-brown
sandstone and shale.

Interpretation.~-The pebbles, cobbles, and boulders indicate bsdload

transportation in the upper flow regime in streams having relativel: high
current velocities and probably having steep gradients (Simons and Xichard-
son, 1961; Fahnestock and Haushild, 1962; Harms and Fahnestock, 19€3, p.
106-108). The red color in some beds indicates oxidizing conditions or at
least conditions in which red sediments could be preserved without rzduction.
Precipitation of the calcium carbonate that formed the fresh-water L:imestones
probably occurred cduring temporarily dry periods that might have bzza season-
al.

The lithologies of the piedmont facies in central Utah are asscciated
with thrusts and angular unconformities, and the relations suggest czposition
in or near a highland region in an active orogenic belt (Spieker, 1¢-9, p.
70-76; Armstrong, 1968). The Cretaceous Willow Tank, Daseline, and lverton
Formations of southern Nevada (Longwell, 1949; Armstrong, 19683 consist of
conglomerate and sandstone and were deposited in an active orogenic -agion
that was probably one of the principal source areas for many of the >ads in
the report areza, The southern Nevada formations, thus, constitute & piedmont
facies of some of the Cretaceous formations in the southeastern Kaipzrowits

region,
Alluvial Plain Facies

SUBDIVISION A

Principal features.--Subdivision A of the alluvial plain facies consists

almost entirely of sandstone and occurs in relatively thick and widespread
beds. These beds contain scattered pebbles and conglomerate lenses that
generally increase in abundance toward the southwest., Most of the pebbles
are composed of chert, and the pebbles are generally less than about 16 mm
in diameter, although sparse pebbles as large as about 25-35 mm have b>een

found in the southwestern and central parts of the region. The sandscone is
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generally poorly to moderately sorted, fine to coarse grained, and modzrately
cemented. Relative to other sandstones in the region, the beds contaiz fair-
ly large quantities of matrix, feldspar, chert, and quartzite grains a=zd
little clastic dolomite. Most of the beds would be termed impure feldspathic
sandstones, although some contain considerable aéounts of feldspar and zar
impure arkosic sandstones. Petrified logs and fragments of petrified wood
and vertebrate bones are scarce but occur in some beds.

The amount of silt and clay matrix in fluvial sandstones in each c¢Z the
three subdivisions of the alluvial plain facies is considerably greater than
in modern fluvial sands. Some of this material was undoubtedly a part 2of
the original sediment, but most of the matrix probably was formed by pozt-
depositional alteration of unstable constituents of the sediment, Corr:ied
and partly kaolinized feldspar grains indicate that scme of the matrix was
formed by alteration of this mineral. In addition, some of the matrix -ras
probably formed by alteration of volcanic ash that was present in abunizace,
judging from thz abundance of bentonite in most of the mudstones in the

region. The alteration was apparently caused by slightly acid intrasiz:zica

‘

soluticns which are commcenly present in continental szudstonas (Weaver,

1959, p. 173). Exposure in outcrops auguents the orocess (Glass, 1953, ».

"7 231), and all the samples collected for this study were taken from outczops.

Crossbedding is generally of the low- and high-angle medium-scale
planar or trough types (McKee and Weir, 1953) in sets that are about l-: feet
thick., Less common bedding forms include horizontal stratification and low-
angle smail-scale trough types. Ripple cross-lamination is rare, Cut-znd-
fill structures, channel forms, and crude terraces glso occur in these teads,
although they are relatively scarce. The base of these sandstones is ccno-
monly an erosional or locally channeled surface.

Subdivision A of the alluvial plain facies occurs mainly as three
stratigraphic units: the Drip Tank Member and the Calico bed of the Smoxy
Hollow Member, both in the Straight Cliffs Formation, and the thick uppz<r
sandstone unit of the Wahweap Formation. The Drip Tank Member and the upper
unit of the Wahweap Formation are about 140-350 feet thick. The Calico bded
was eroded after deposition, but judging from the thickness of a unit iz the
northwestern Kaiparowits region (Robison, 1966, p. 20) that is interpre:s

by the writer as the Calico bed, the bed originally was as much as abou:
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360 feet thick and possibly more. The Drip Tank Member and the upper unit
of the Wahweap Formation presently occur throughout the Kaiparowits region
and probably were originally deposited over a far larger part of northern
Arizona and southern Utah. The Calico bed is missing in the southern and
eastern parts of the region, but this is because of erosion prior to depo-
sition of the overlying beds and not because of nondeposition. Thus, it is
highly probable that the Calico bed origirally had approximately the same
broad lateral extent as the other units.

Interpretation.-~Judging by the character of the fossils and the

lithologic and bedding features, the beds included in subdivision A probably
were deposited in nonmarine conditions by braided streams. A local excep-
tion is the northeasternmost part of the Drip Tank Member where lithologic
and bedding features suggest a transition into nearshore marine bads., Al-
though fossils are rare, those that were found in the report area were all
nonmarine forms. The shark teeth found in the Drip Tank rlember in the
northern Kaiparowits regicn by E. V. Stephens (oral commun,,-1967) support
the incerpretation that this unit grades northeastward into nearshore marine
beds,

Deposition cf these beds by braided strzams is suggested by cemparison
of the lithologies and bedding structures with sediments and bedding struc-
tures of modern braided streams and with the results of flume experiments.
Doeglas (1962) and Ore (1964, p. 7) found that modern braided stream deposits
consist of two different but intergrading types. The one type is poorly
sorted, consists of gravel with sand matrix, and is commonly found on the
upstream ends of longitudinal bars. The other type is better sorted, con-
sists of sand, and is generally deposited in transverse bars or on the down-
stream ends of longitudinal bars. This compares well with the scattered
pebbles and conglomerate lenses found in the sandstones of the Kaiparowits
region,

+ Fisk (1952, p. 680-681) noted that alluvial deposits of the Mississippi
River west of Cairo, Ill., were deposited when that river was once braided
and are characterized by the absence of silt and clay and the presence of
gravels., Scarcity of mudstone beds and presence of conglomerate lenses and
scattered pebbles in the sandstones of the Kaiparowits region suggest a

similar origin. The Kosi River of northeastern India provides an exzample

101




of the processes that remove mud and clay beds from these de:zsits.
Leopold, Wolman, and Miller (1964, p. 291) and Leopold and Wciman (1957,

p. 62) noted that after it leaves the Himalaya Mountains, the Xosi has a
braided character as it flows 130 miles down a broad alluvial cone. During
the past 200 years, this river has shifted its course 70 miles westward by
means of sporadic movements as much as 12 miles in 1 year. The relatively
rapid lateral migration of this stream suggests that braided streams which
deposited the beds in the alluvial plain facies under similar circumstances
continuously migrated across their alluvial plains and removei most of the
fine overbank materials that may have been previously deposizzd.

The abundance of medium-scale low- and high-angle trougz and planar
crossbedding suggests bedload movement primarily by dunes anl dars in the
lower flow regime, although rare occurrences of chert pebbles z2s large as
25-35 mm and horizontal stratification with current lineatio=s suggest
sediment movement som=times occurred by plane-bed transportzzion in the
lower part of the upper flow regime (Simons and Richardson, 1351, 1962;
Fahnestock and Haushild, 1962; Harms and Fahnestock, 1965, p. 105-108).
Horizontal stratificatiou suggesting the upper flow regime wzs found by
Ore (1964, p. 11) in Pliocene braided stream deposits near Fzrthing, Wyo.
It should be noted that bedding structures formed in the uppsr flow regime
can easily ba destroyed by the passage of troughs and dunes cZ the lower
flow regime as would be expected to occur when the discharge z2f a streem
is reduced. Absence of upper flow regime bedding structures czannot be
considered as proof that the upper flow regime was never attzined.

Channel forms, cut-and-fill structures, and terracelike scructures in
these beds reflect the rapid lateral migration and local scouring of the
many anabranches of the brajded streams (Doeglas, 1962; Ore, 1964, p. 5;
Allen, 1965c, p. 144-145, 163). The erosional and locally chznneled lower
surface of many of these beds is a common feature of fluvial Zeposits
(Allen, 1965a, p. 242), but similar features also occur at thz base of some
nearshore marine and beach sandstone beds deposited during a chase of marine
transgression and, therefore, cannot be considered diagnostic.

Braided streams generally flow on relatively steeper slocas than
meandering streams having the same discharge (Leopold and Wol=anm, 1957, p.

59-62; Leopold and others, ‘1964, p. 293). Fisk (1952, p. 68C-681, 687-688)
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attributed the past braided character of the Mississippi River to its
steeper gradient when sea level was considerably lower than at present.
The Kosi River of India, cited previously, is braided where it flows on the
relatively steep slopes of its alluvial cone, whereas the river changes to
meandering at the foot of the alluvial cone where it flows across the com-
paratively flat plain of the Ganges River (Leopold and Wolman, 1957, p. 62).
In conclusion, the various features of the widespread and thick sand-
stone units of subdivision A of the alluvial plain facies suggest deposition
primarily from the bedload of braided streams that had moderately steep
gradients. Bedload transportation was largely in the lower flow regime as
sediment was deposited, but was at least occasionally and perhaps commonly
in the lower part of the upper flow regime as well, Most of the fine over-
bank deposits were removed by the streams as they migrated laterally across
the plain on their way to the sea, although scarce mudstone lenses in these
beds indicate that the reworking process was not entirely complete. The
 conditions oL deposition indicated for these beds is similar to Facies A
of the Upper 0ld Red Sandstone (Upper Devonian) described by Allen (1963b)
and the Shinarump and Mcss Back Members of the Chinle Formation {(Upparx
Triascic) describaed by Stewart, Williams, Albee, and Raup (1939) and Stewart
(1961).

SUBDIVISION B

Principal features.-~This subdivision of the alluvial plain facies

consists mainly of two contrasting types of lithologies--relatively thick
sandstone beds having moderate lateral continuity and thick yellowish-green
mudstone beds. Other significant lithologies include relatively thin sand-
stone beds, thin limestone lenses, and thin carbonaceous mudstone or coal
lenses.

The sandstone beds are generally about 5-60 feet thick and consist of
impure sandstone that locally contains scattered small quartz, feldspar,
and chert pebbles. Compared to other sandstones in the regiom, these beds
contain the largest amounts of matrix; they also contain relatively large
quantities of feldspar. Fragments of petrificd woocd and vertebrate bones

and external molds of logs and branches are also present. Some of the beds




occur as lens-shaped channel deposits, but most of the beds have irregularly
parallel tops and bottoms and can be traced for as much as several miles on
the outcrop (fig. 14).

Many of these beds consist of two parts that suggest a cycle of depo-
sition (Allen, 1965a). The lower part of the cycle includes nearly the entire
thickness of the bed and is composed of fine- to medium~-grained pocrly to
moderately cemented sandstone that contains low=- to high-angle medium-scale
trough and planar cross-stratification in sets about 1-3 feet thick., Hori-
zontal stratification with primary current lineation (Stokes, 1947) is
scarce. Cut-and-fill structures, channel forms, and crude terracelike
structures are also scarce. The base of a bed, and thus the base of a cycle,
is generally an erosional or locally channeled surface. The upper part of
the cycle is about 1-3 feet thick and is composed of very fine to fine
grained well-cemented sandstone that has ripple cross-lamination or ripple-
drift cross-lamination (climbing-ripple structure of McKee, 19€6).

Another comron lithology is very thin to thin bedded bentonitic mud-
stone that weathers yellowish green. Interbedded with the mudstcne are
relatively small quantities of thin sandstone beds that are generally less
than 5 feet thick. The sandstone is very fine to fine grained andé generally
- well cemented and contains ripple cross-lamination and ripple-drift lamina-
tion.

Minor lithologies include thin lenses of laminated to very thin bedded
carbonaceous mudstone and thin lenses of coal less than 1 foot thick. Thin
dense gray limestone lenses commonly occur in the John Henry Member of the
Straight Cliffs, and siderite concretions (clay ironstones) occur in the
middle member of the Dakota Formation and in the Smoky Hollow Member of the
Straight Cliffs.

Megafossils are generally scarce and usually amount to poorly preserved
unidentifiable molds of pelecypods and gastropods, vertebrate bone frag-
ments, carbonized impressions of leaves and other plant fragments, and
coalified small logs, branches, tree trunks, and root systems. Section Wi
of the Wahweap Formation contains a surprisingly large amount of fossils in
beds that are included in this facies. The fossils include pelecypods,
gastropods, ostracodes, fish, reptiles, and plants. A rich and varied

assemblage of plant microfossils that was dominated by fern spores and




pollen grains was obtained from strata in the John Henry Member of the
Straight Cliffs that included subdivision B of the alluvial plain facies
as well as the deltaic plain facies and the lagoonal-paludal facies.
Subdivision B includes beds in the lower part of the Wahweap Formation
below the thick upper sandstone unit. In the Straight Cliffs Formation the
subdivision includes the barren zone of the Smoky Hollow Member and parts of
the lower, middle, and upper barren zones of the John Henry Member. The
middle member of the Dakota contains yellowish-green mudstone beds that
apparently represent a transition into Subdivision B.

Interpretation.--The paleontological evidence indicates nonmarine en-

viromments of deposition. Among the fossils in the collections from the
Wahweap Formation that are most characteristic of nommarine environments
are the charophytes, Unionidae, and all the gastropods, which include the
genera Viviparus, Campeloma, Tulotomops, and Physa (Peck, 1957; Fisher and
others, 1960, p. 37).

The assemblage of plant microfossils from the John Henry Member also
indicates nonmarine deposition. The microfossils came from strata in sub-
division B of the alluvial plain facies as well as from strata of the
deltaic plain and lagoonal-paludal facies. The following comments on the
paleoecology of the region as interpreted from these fossils were furnished
by R. H. Tschudy (written commun., 1968) who made the identifications.

"Comparatively few paleocecological inferences can be
derived from a palynomorph assemblage as old as that ob-
tained from the Straight Cliffs Formation. Most of the
plant microfossils found are now extinct or their similarity
to modern relatives has not been recognized,

"The Straight Cliffs assemblage was dominated by fern
spores and pollen grains. The lack of marine palynomorphs
and the paucity of bisaccate conifer pollen suggests depo-~
sition isolated from highlands and from the sea. The lack
of genera such as Azolla that would indicate the presence
of more or less permanent fresh-water ponds or lakes such
as were present during the time that the Eagle, Judith
River, and Hell Creek Formations were deposited, suggests
that the coals were deposited under paludal rather than
lacustrine conditions. The presence of Araucariacites,
Gleicheniidites, Cicatricosisporites, and Vitreisporites
suggests a subtropical climate.

"The available evidence suggests that deposition took
place in a wet or swampy subtropical lowland site at some
distance from highlands and under conditions that prevented
even occasional marine inundations."
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Although any of the fossils could have been transported out of their
normal environments by streams, none of the genera that are more commonly
found in brackish-water or marine deposits are present; it is concluded
from this that subdivision B was deposited in nommarine and probably rfresh-
water conditions.

Most of the lithologies and bedding structures of the thicker sandstone
beds are essentially the same as those of the sandstones in subdivision A,
and by this analogy these beds were probably deposited primarily from the
bedload of braided streams. The sandstones in subdivision B contain
scattered pebbles and granules but only rarely contain conglomerate lenses,
suggesting that deposition was farther from the source area and (or) by
streams having more reduced gradients and flow velocities than the streams
that deposited the ceonglomeratic sandstones of subdivision A,

The cyclic nature of the thicker sandstone beds suggests the fining-
upward cycles that commonly are associated with stream deposits (Allen,
1965a; see also Beserbower, 1964; McCave, 1968, p. 87-89). The erosicn
surface at the base of many of the beds indicates fairly strong water cur-
reats associated with the initial stages of deposition from the bedload of
the streams, The trough and planar crossbedding and scarce horizental
stratification cf the lower part of the cycles indicate that bedload trans-
portation in the streams was mainly in the lower flow regime and at least
occasionally in the lower part of the upper flow regime (Simons and Richard-
son, 1961; Allen, 1963, 1965c; Harms and Fahnestock, 1965). Channel forms,
cut-and-£fill structures, and terracelike structures suggest the rapid
lateral migration and local scouring of the numerous channels of braided
streams (Doeglas, 1962; Ore, 1964, p. 5; Allen, 1965c, p. l44-145, 163).

Net deposition of the bedload probably was caused by a slight general re-
duction in the transporting capacity of the streams (Colby, 1963, p. 32),
best explained by a general decrease in the gradient.

The thin upper parts of the cycles that contain ripple and ripple-drift
cross-lamination were deposited under flow conditioms in the lower part of
the lower flow regime (Simons and others, 1965). The relative abundance of
clay, silt, and very fine sand-size constituents indicates that the sediment
was derived from both the bed and the suspended load, although deposition

from the bedload predominated.
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Although the fluvial sandstones cannot be traced for more than several
miles on the outcrop, even this much lateral persistence indicates that they
were probably deposited in a fairly wide zone or belt that marked the general
course of the stream toward the sea. Lateral gradation into mudstone beds
indicates that the braided streams did not migrate continuously over the
entire alluvial plain as they did during deposition of the sandstone beds in
subdivision A, Instead, the braided stream belts remained fairly stabilized,
in a geographic sense, between the relatively brief periods when flooding or
alluviation caused the stream to shift to an entirely different course.
Leopold, Wolman, and Miller (1964, p. 294-295) concluded that braiding appears
to represent an adjustment of a stream possessing unstable banks and a bed~-
load too large to be carried in a single chavnel. Although the braided
pattern need not imply aggradation, the abundance of these deposits in the
Kaiparowits region implies that the streams indeed were aggrading and over-

loaded,

jacent teo the thick fluvial sandstones represent vertical accretion by dero=
sition of silt- and clay-:ize scdiments from the suspended load of streams
-

during cverbenk scags he color, textura, bedding characteristics, abund-

i

ant plant debris, and the remains of tree trunks and rooc systems in the
original growth positions all have their counterparts in Late Pleistocene
overbank deposits of the Brazos River in Texas (Bernard and others, 1962,

p. 189-190) and in modern overbank deposits in the Connecticut Valley of
Massachusetts (Jahns, 1947, p. 84-126) and the Ohio River valley (Mansfield,
1938, p. 701-703). Ripple~drift cross-lamination occurs in the thin very
fine to fine gréined sandstone beds that are interbedded with the mudstones,
and it is a common bedding structure formed in modern overbank deposits
where sandy sediment is abundant and current flow is gentle (McKee, 1966).
This bedding structure indicates that bedload transportation in the lower
part of the lower flow regime has taken place.

The minor lithologies represent locally different conditions of depo-
sition, but these conditions are not inconsistent with the general hypothesis
of deposition on an alluvial plain. The scarce carbo1ac§ous muds tones and
thin coal lenses intercalated with the yellowish-green mudstones indicate

the accumulation of abundant vegetative debris in local swamps, bogs, or
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marshes in the overbank part of the alluvial plain and in areas where the
rate of clastic sedimentation was low. The carbonaceous beds generally occur
near strata of subdivision C of the alluvial plain facies or near strata of
the deltaic plain facies, both of which contain abundant carbonaceous mud-
stone deposits. Proximity to these beds suggests that the thin carbonaceous
mudstones and coal lenses of subdivision B represent part of a progressive
downslope tramsition into enviromments in which the accumulation and preser=-
vation of abundant organic debris was favorable.

The thin limestone lenses in the John Henry Member suggest another type
of local depositional conditions. Some of the wider limestone lenses, about
50-100 or more feet widé, were probably precipitated im local ponds or small
lakes, because they contain gastropods, pelecypods, carbonized impressiouns
of leaves and other plant debris and the bedding is laminated. Although
these lenses ccmmonly occur in the yellowish-green mudstones, some have been
found at the top of the thick fluvial sandstones, suggesting deposition in
local depressions in abandoned stream courses. The limestone lenses contain=-
ing fossils and Dedding structures generally do not occur near beds that
contain carbonaceous mudstone or coal, suggesting that the ponds or swmall

lakes exisved at elevations that were probably slightly higher and farther

“winland on the alluvial plain than the localities where the carbonaceous mud-

stone and thin cnal ienses were deposited. Precipitation of the calcium
carbonate probably occurred during temporary, possibly seasconal dry periods.
The role of plants in the precipitation processes is unknown, but no traces
of plants (other than the ubiquitous carbonized debris) could be found in
thin sections., The smaller limestone lenses that lack fossils and bedding
structures are apparently of concretionary origin (Miller, 1967, p. 154)
and are somewhat similar to calcareous nodules found in overbank deposits of
the Brazos River in Texas (Bernard and others, 1962, p. 189-190; Bernard and
Major, 1963). Siderite concretions in mudstones of the Dakota Formation and
the Smoky Hollow Member of the Straight Cliffs were probably formed by pre-
cipitation from neutral or basic ground-water solutions in which the oxygen
was exhausted (Krauskopf, 1967, p. 83, 252-253).

The cyclic sedimentation represented by the thicker sandstone beds
indicates relatively rapid flow conditions during deposition of the thicker,

lower part of the bed and gradual reduction in current velocity during the
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final stages of deposition. The sediment was derived primarily from the
bedload but included increasing quantities of the suspended load in the

final stages. The mudstones that overlie the thicker sandstone beds compose
an additional part of the cycle. The mudstones indicate deposition primarily
from the suspended load under gentle flow rates that are less than those re-
quired to produce ripples (Harms and Fahnestock, 1965, p. 108).

In summary, the sandstones and mudstones that compose subdivision B
were deposited in fresh-water environments by braided streams that had
moderate gradients. The thicker sandstone beds were formed by net deposition
of the bedload during transportation in the lower flow regime and occasional-
ly in the lower part of the upper flow regime., The streams migrated continu-
oucly across a narrow zone or belt several miles wide on their way to the
seaway, but lateral migration of the braided stream belt was discontinuous
and occurred during relatively brief time periods. The yellowish-green mud-
stones and interbedded thin sandstones were deposited in overbank flood-plain
areas between the major stream belts. Deposition was primarily from the
suspended lcad and occurred in gentle flow conditicns. Thin carbonaceous
mudstone and coal lenses in the Straight Cliffs Formation indicate local
swamps, bogs, or marshes on the alluvial plain. They generally occur near
the thick carbonaceous mudstone beds of the deltaic plain facies and appar-
ently represent a transitional area between the two envirounments of deposition.
Some of the thin limestone lenses in the John Henry Member of the Straight
Cliffs contain fossils and bedding structures that suggest precipitation of
limy muds in small ponds situated at slightly higher elevations and farther
inland on the alluvial plain than the depressions where the carbonaceous
mudstone and coal lenses were deposited,

Fluvial channel sandstones, more common in rocks of the deltaic plain
facies or subdivision C of the alluvial plain facies, are uncommon but do
occur in rocks of subdivision B. Their presence suggests local differences
from the predominantly braided stream conditions that are indicated by the
thicker and more widespread fluvial sandstones. The local variations, as
well as the minor lithologies mentioned previously, are significant because
they indicate that the general braided stream belt and overbank flood-plain
conditions represented by subdivision B were part of a gradational series of
‘depositional environments on the alluvial plain from subdivision A to sub-

division C or the deltaic plain facies.
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SUBDIVISION C

Principal features.--Subdivision C consists mainly of two different

litholgies: channel sandstones and carbonaceous mudstones. Scarce, thin
coal beds, generally less than 1 foot thick, also occur in the mudstones,

The channel sandstones are approximately lens shaped in cross section
(fig. 22) and generally are less than about 40 feet in maximum thickness.
A fining=-upwards cycle (Allen, 1965a) can be distinguished in most of the
beds and is similar in most aspects to the fining-upwards cycles represented
by the thicker sandstones in subdivision B. The lower part of the cycle
includes nearly all the bed and consists of very fine to fine grained
moderately sorted well-cemented sandstone that locally contains sparse
scattered small chert pebbles and quartz granules near the base. Cross-
bedding dips consistently in one direction down the axis of a channel
(fig. 23) and is in medium-scale low- and high-angle trough and planar sets
about %-2 feet thick. Horizontal stratification with parting lireation has
not been found in these beds. The upper part of the cycle includes the
upper 0-3 feet of the channzl sandstones and is composed of very {ine to
fine grainsd moderately scrred well-cemented sandstone that locally is
interbedded with thin partings of mudstone (fig. 24). Crossbedding in this
part of the cycle includes ripple cress-laminatioca or ripple-drift cross-
lamination (climbing-ripple structure of McKee, 1966).

The other common lithology is laminated to very thin badded carbona-
cecus mudsteone containing abundant carbonized plant fragments. Most of this
mudstone is dark gray, but brown is also common, Thin seams and lenses of
coal generally less than 1 foot thick are uncommon. Other litholcgies in-
clude yellowish-green bentonitic mudstone and light-gray mudstone that is
gradational between the other types.

Fossils, other than the plant fragments in the carbonaceous mudstone,
are scarce, Vertebrate bone fragments and leaf impressions occur in some
of the channel sandstones, and the pelecypod Unio n. sp. was found in carbo-
naceous mudstone. A small amount of spores and pollen was obtained from
strata in the Dakota Formation that are included in this facies.

The middle member of the Dakota is considered most typical of subdi-

vision C.
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Interpretation.--The scant paleontological evidence suggests deposition

in nonmarine conditions. The pelecypod family Unionidae, to which the genus
Unio belongs, includes inhabitants of fresh-water environments today (Ward
and Whipple, 1918, p. 1000; LaRoque, 1967) and is considered to have been
restricted to similar enviromments in the past (Shimer and Shrock, 1944,

P. 399; Fisher and others, 1960, p. 37).

The cyclic aspect of the channel sandstones suggests fluvial sedimen-
tation (Allen, 1965a, c¢) in conditions that differed only moderately from
conditions that prevailed during deposition of the thick braided-belt sand-
stones in subdivision B, The lens-shaped cross section of the channel
sandstones indicates that the streams flowed in one or a few distinct
channels rather than in the numerous anastomosing and constantly shifting
channels hypothesizedvfor streams that deposited the thick braided-belt
sandstones of subdivisiocn B, ’

Crossbedding throughout most of the channel sandstones differs little
in type from crossbedding in the braided-belt sandstones, except that it
dips mecre consistently in one divection (fig. 23), whereas crossbedding in
the braided-belt sandstonzs generally has more variable dip directicns. ‘The
low- and high-angle medium-scale trough and planar crossbedding inaicates
that bedlozd transportation by dunes and bars occurred mainly ian the lower
flow regime., Lack of horizontal stratification in very fine and fine
grained sandstones suggests that the upper flow regime was not a sigpnificant
part of the general flow conditions or that bedding structures formed in
the upper flow regime were obliterated by the passage of dunes and troughs
of the lower flow regime. An analogous situation was found in flume experi-
ments cited by Simons, Richardson, and Albertson (1961, p. 36) in which it
was not possible to stop the flow and drain the flume without appreciably
altering bed forms produced during upper flow regime conditions. Net
deposition of the bedload was probably caused by a slight general raduction
in transporting ability of the streams (Colby, 1963, p. 32) best explained
by a general decrease in the gradient, ’

The upper 1-3 feet of the channel sandstones contains ripple cross-
lamination which indicates transportation in the lgwer part of the lower
flow regime. Relatively large amounts of clay, silt, and very fine sand-

size constituents indicate that the sediment was derived from both the bed
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and the suspended load, although deposition from the bedload was probably
predominant.

The fluvial channel sandstones in the Dakota Formation are fairly well
exposed in the southwestern and central parts of the region where some of
them can be traced for as much as about 3 miles (pl. 5). Their sinuous
trend suggests meandering streams (Allem, 1965c, p. 164-166). Point bar
accretionary topography consisting of concentric ridges and swales is still
preserved wnhere some of the channels curve broadly and wheres recent erosica
has stripped off the overlying soft shales and mudstones. The cressbedding
preserved in these deposits is essentially the same as that described in
preceding paragraphs and is comparable to crossbedding in modern point barw
deposits in Louisiana described by Frazier and Ozanik (1961) and Harms,
MacKenzie, and McCubbin (1963).

The relatively high organic content of the carbonaceous mudstones
suggests deposition of overbank silts and clays in paludal conditions,
Deposition in backswamps (flood basin lowlands) is indicated because the
beds occur between and adjacent to the fluvial channel sandstones that

apparently were deposited by meandering streams, and they are similar to

. modern backswamnp deposits in the Mississippi River valley which also con-

"sist of organic-rich clays and silts. rown colors, found in some of the:zs

beds, occur in modern backswamp deposits and are the product of local
desiccation between floods (Fisk, 1947, p. 57; Kolb and Shockley, 1857,
p. 5-6). Local oxidizing conditions caused by intermittent desiccation o2
the backswamps probably account for the poorly preserved palynomorphs or
lack of palynomorphs in many of the samples that were collected from thess
beds., Similar poor recovery of palynomorphs was found in modern well-
drained swamp deposits in Louisiana by Coleman (1968, p. 165). Thin
sandstone beds interbedded with the carbonaceous mudstone contain ripple
and ripple~drift cross-lamination, a bedding structure commonly found in
modern overbank flood-plain deposits (McKee, 1966).

In sunmary, the evidence indicates that the strata in suSﬁivision c

were deposited on an alluvial plain of low gradient from the bed and the

'suspended load of meandering rivers and strcams. The channel sandstones

were formed by net deposition of the bedload during transportation predo—i-

nantly, if not entirely, in the lower flow regime. Deposition of the
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carbonaceous mudstone beds occurred in backswamps where vegetative debris
from growing plants was added to silt and clay brought in during floods.
Yellowish-green bentonitic mudstones, especially common in the southwestern
and southern parts of the region, suggest a gradual transition into lithol-

ogies more characteristic of subdivision B.

Deltaic Plain Facies

v

Principal features.--The deltaic plain facies, recognized only in the

John Henry Member of the Straight Cliffs, generally occurs between subdivision
B of the alluvial plain facies and the lagoonal~paludal facies, Locally,
however, tha deltaic plain and lagoonal-paludal facies are absent and the
alluvial plain facies grades directly into the barrier sandstone facies.

The deltaic plain facies consists mainly of sandstone and carbonaceous mud-
stone and includes comparatively small amounts of coal. The sandstone

units are grouped ince the following four types for purposes of discussicn:
(1) thizk deltaic sandstones, {2) thick~beddad large-scale crossbedded
sandstenes interbedded with thin beds of carbeonaceous mudstone, (3 fluvial
channel sandstones, and (4) relatively thin sandstones.

(1) The deltaic sandstone units are as much as about 50 feet thick and
are composed of very fine to fine grained moderately sorted impure subfeld-
spathic sandstone, Biotite is a common accessory mineral in these beds as
contrasted with relatively scarce biotite in the sandstones of the alluvial
plain facies. Thin beds of carbonaceous mudstone generally less than 1 foot
thick are also present and, by their relatively faster rates of weathering,
tend to emphasize the foreset bedding that is characteristic of these beds.
The deltaic foreset beds consist of several sandstone beds, each approxi-
mately 2-15 feet thick, that dip about 2°-7° consistently in one direction
in any local area., The dipping sandstone beds are considered as foreset
beds if they occur throughout an approximate minimum straight~line distance
of about a quarter of a mile. Even this short distance may not be suffi-
cient to distinguish between deltaic foreset beds and low-angle dipping
beds that might have been deposited under cther circumstances, but a
quarter of a mile is a reasonable minimum distance considering talus cover,

access, and sinuous outcrop patterns, The maximum straight-line distance
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that any deltaic foreset sandstome unit could be traced in the field was
approximately 1% miles for the unit shown in figure 25. The base of the
deltaic units is locally erosional, but more commonly it is nozerosional.

(2) Thick-bedded large-scale low-angle crossbedded units approximately
5-15 feet thick are common in the deltaic plain facies, but each set gener-
ally extends for only about 50-200 feet along the outcrop. ase units
consist mainly of sandstone and are interbedded with about 10-20 percent
carbonaceous mudstone. Burrow structures (but not QOphiomorpha sp.) are
cormon in some of these beds. Some units, such as those in fizure 28,
occur in channels and have erosional bases; others, such as those in figure
27, occur as complexly interbedded and interfingering cosets axd have
erosional or nenerosional basal contacts.

Bedding in the individual sandstone beds that comprise tiic thick del-
taic sandstones and the thick-bedded large-scale crossbedded szndstcnes is
generally small- to madium-scale low- and high-angle trough and planar-types
of crossbedding. Many of these bads are ripple cross-laminateZ or ripple-
drift cross-laminated. Bedding features are cemmonly showm clearly by con-
centrations of biotite along bedding surfaces. The finiag-upwzrds cycle of
deposition (Allen, 1963a) is uncommon.

(3) Channel sandstones also occur in the deltaic plain Zzcies (fig. 25).
These have the same general size, shape, bedding structures, zzd composition
as the fluvial channel sandstenes that were described in subdivision C of
the alluvial plain facies.

(4) Thin sandstone beds approximately 1-5 feet thick containing hori-
zontal stratification or small~ and medium-scale low-angle trcugh and planar
crossbedding or ripple and ripple-drift crossbedding are also common in the
deltaic plain facies. They occur interbedded with coal beds or laminated
to very thin bedded gray mudstone and carbonaceous mudstone.

The median size of the various deltaic and fluvial sands:zones in the
deltaic plain facies is generally very fine to fine grained, whereas the
median size of the various sandstones in the alluvial plain facies is fine
to medium grained. Maximum grain sizes larger than medium sand are rare
in sandstones of the deltaic plain facies but are common in szandstones of
the alluvial plain facies. Bernmard, LeBlanc, and Major (1962, p. 181)

found that a similar change in grain size occurs between the Zine sand
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bedload of distributaries on the deltaic plain and the coarser bedload of
streams on the alluvial plain in the northern Gulf of Mexico coastal region.
Most of the fluvial sandstones in the deltaic plain facies are well cemented
by calcite, whereas most of the fluvial sandstones in the alluvial plain
facies, especially subdivisions A and B, are moderately to poorly cemented
and, thus, are semifriable to friable,

Other lithologies in the deltaic plain facies include carbonaceous
mudstone, coal, and scarce coquinoid marlstone lenses. The carbonaceous
mudstone is dark gray and very thin bedded and contains abundant carbonized
plant fragments, Thin coal beds less than 1 foot thick are common near
strata of the alluvial plain facies, and thicker coal beds are common near
strata of the lagoonal-paludal facies. Thin coquinoid marlstone lenses

containing abundant Crassostrea soleniscus are scarce but are associated

with strata containing the thicker coal beds.
The deltaic plain facies is only recognized in the John Henry Member

of the Straight Cliffs., Thick-bedded large-scale crossbedded sandstones

" are locally present in the lower part of the Smoky Hollow lember of the

Straight Cliffs but are scarce and, therefore, are included in the lagoonal-

paludal facies.

Interpretation.~--The sparse paleontological evidence suggests deposition

in nonmarine conditions. Crassostrea soleniscus, locally abundant in thin

beds or lenses in gray mudstone beds, is more commonly found in brackish-
water deposits of the lagoonal-paludal facies. The beds containing this
fossil probably represent incursions of lagoons into areas usually occupied
by deltas. Even in modern situations where deltas are prograding into
lagoons, it is difficult to separate the two environments in many places.
Fresh-water conditions are inferred from the various fluvial deposits, but
fossils characteristic of fresh-water enviromments were not found.

(1) The thick deltaic sandstone units were probably deposited in
gentle flow conditions. The trough and planar crossbedding indicates net
deposition from the bedload during transportation by dunes and bars in the
lower flow regime. Horizontal stratification in these beds lacks primary
current lineation and; therefore, is inferred to have formed primarily by
deposition of the finer grained constituents from the suspended load. Net

deposition throughout the area of the deltaic plain was probably caused by
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the reduction in transporting ability of the streams because of the low
gradients on the deltaic plain. By comparison, during low-water stages in
1936 the surface of the Mississippi River had a gradient of approximately
2-3 feet in about 130 miles on its deltaic plain between Donaldsonville,
La., and Head of Passes (Fisk, 1947, pl. 1).

- (2) The thick-bedded large-scale crossbedded units containing inter-
bedded mudstone were apparently formed as abandoned channel fillings and
crevasse splays or possibly as bars at the mouths of distributaries. The
units that occur in channels having erosional bases were probably deposited
in abandonad distributary or crevasse channels. Apparently, sand-size
detritus was carried inco the abandoned channels during high-water stages
and the thin interbeds of carbonaceous mudstone were formed during low-water
stages when organic detritus was added to the bottom materials. The large-
scale crosshedding in this case does not necessarily indicate primary
current flow; instead, it may indicate an originally sloping surface of
deposition. Some of the gently dipping beds of alternating sandstonz and
muds tone may be natural levee deposits, but generally this cannot be demon-
strated concliusively in the field.

v

Crossbedding structures in the individual thick sandstone beds associ-

[

ated with mudsvone interbeds include low-angle medium-scale planar-type

.
~
~

[

(a1}
...I

cross-straci tion, scarce low- and high-angle medium-scale trough-type
cross~stratification, and ripple or ripple-drift cross-iamination., These
structures sugzest net deposition from the bedlead during transportation by
bars (or, rarely, dunes) in the lower flow regime (Simons and others, 1965).
Horizontally stratified very fine grained sandstone beds that lack indica-
tions of primary current flow were probably deposited mainly from the sus-
pended load, as was the silt and mud fraction that is present in the
carbonaceous mudstones.

Strata in modern deltaic environments that are comparable to the large-
scale crossbedded cosets of interbedded sandstone and carbonaceous mudstone
have not been well described in the literature. Some of the subunits or
sets have erosional bases, indicating that current velocities locally were
sufficiently high to erode the substrata. Crossbedding in the individual
sandstone beds is mainly of the low-angle medium-scale planar type or the

ripple or ripple-drift types of cross-lamination, all of which indicate
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bedload transportation primarily in the lower flow regime. Horizontal
stratification, also found in these beds, lacks features that might indi-
cate current flow and, therefore, was probably formed by deposition from
the suspended load. The silt- and clay=-size clastic constituents of the
interbedded mudstones were also derived from the suspended load, and depo-
sition probably occurred mainly during floods.

It seems likely that the alternating lithologies and inferred varia-
tions in current velocities represent deposition under highly variable
conditions such as occur at crevasses cr breaches in natural levees.
Similar alternating lithologies in the Upper 0ld Red Sandstone (Devonian)
in Great Britain were attributed to deposition on crevasse-splays by Allen
(1965b, p. 185), and modern flood-plain splays that are somewhat similar
were illustrated and briefly described by Happ, Rittenhouse, and Dcbson
(1940, p. 24). The large-scale coset units also may have formed at the
mouths of minor distributaries where bars built up and were modified quick-
ly because of rapid changes in the velocity and direction of flow of the
streams as they entered relatively quiet waters of lagoons. Russell (1954,
p. 363-303) noted somawhat similar rapid bar building, bifurcation, and
erosionzl modification at the mouths of distributaries of the Sakarya River
in northwestern Turkey, altnough the distributary-mouth deposits in this
example differ scmewhat because the Sakarya carries a large sand load and
discharges diractly into the sea where the deposits are modified further by
sea waves and currents.

(3) Channel sandstones that have the same bedding fzatures as the
meander-~belt channel sandstones described in subdivision C of the alluvial
plain facies also occur in the deltaic plain facies. Their associationm with
other beds in the deltaic plain facies suggests that the channel sandstones
represent fillings in distributary channels or possibly bar-finger sands
(Fisk, 1961), but at present there is no clear way to distinguish channel
sandstones that were deposited in the two environments.

. (4) The thin sandstone beds associated with the coal and mudstone
beds apparently were deposited in relatively quiet waters of interdistribu-
tary troughs. The horizontal stratification that lacks primary current
lineation and the small-scale crossbedding indicate deposition from the sus-
pended load or bedload transportation in the lower part of the lower flow

regime,




Other strata that were deposited in interdistributary troughs irn:lude
carbonaceous mudstone, coal, and coquinoid marlstone lenses. The sil:z- and
clay-size constituents of the carbonaceous mudstone were carried intc the
interdistributary troughs in suspension. The abundant organic debris and
lack of brown colors indicate that vegetation was abundant and that tZe
sediments were not oxidized before burial and lithification. The cozl
indicates deposition of abundant plant debris in paludal conditions I areas
well removed from places near the distributaries where clastic sedimzzzation
occurred, Scarce thin coquinoid marlstone lenses contain abundant C-zssos-

trea soleniscus, which apparently was restricted to brackish-water ezviron-

ments.

There is no appreciable difference between the interdistributarw de-
posits and backswamp deposits associated with meander-belt channel sz=d-
stones in subdivision C of the alluvial plain facies. The principal
distinguishing features of the interdistributary trough deposits in :Ize
deltaic plain facies are lack of oxidized brown carbonacecus mudstonz, thin
beds or lenses concaining abundant oysters, and greater abundance of :zoal.
The thin sandstones, carbonaceous mudstones; coal beds, and oysters z=re all
features that occur in greater abundance in the lagoonal-paludal faziszs,
Their presence in the deltaic plain facies emphasizes, once again, =zt
the lateral boundaries of the various sedimentary facies are gradati:czal
and interfingering.

In summary, the evidence indicates that the beds of the deltai: plain
facies were deposited by rivers and distributaries in fresh- and brz:kish-
water environments on or at the periphery of coalescing deltas., Crcssbedding
in the sandstones indicates that bedload transportation was mainly, >r pos-
sibly entirely, in the lower flow regime, and horizontal stratificazion in
some of the finer grained sandstones suggests deposition from the s_:spended
load. Abundant biotite in the sandstone appears to be characteristic of
deltaic deposits (Shepard, 1960, p. 80). Silt- and clay-size consti:tuents
in the carbonaceous mudstones were also deposited from the suspendel load,
but mainly in interdistributary or interdeltaic troughs, bays; or i=lets
where abundant vegetation grew and added considerable quantities of osrganic
debris to the bottom sediments. The coal beds represent deposits cZ

organic debris that were not contaminated appreciably by sedimentaziosn of
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detrital materials. The areas with thicker and more abundant coal beds
were probably in interdistributary or interdeltaic areas where paludal
conditions were dominant. Strata consisting mainly of carbonaceous mud-
stone and coal and containing thin oyster-shell lenses are more character-
istic of the lagoonal-paludal facies, but their presence in the deltaic
plain facies indicates the gradational nature of the lateral boundary be-
tween these units. The gradation is not surprising, however, as in many
places it is difficult to separate deltas from lagoons and swamps in

modern situations. .

Lagoonal-Paludal Facies

Principal features.--The lagoonal-paludal facies is characterized by

an abundance of carbonaceous mudstone and coal and by the absence of thick
sandstone beds (£fig. 28). The facies also includes thin beds of sandstone,
black shale, and coquinoid marlstome. The sandstones are generally very
fine to fine grained, moderately sorted, and either structureless, mottled,
and burrowed or contain small-scale low-angle trough and planar crcoss-
laminations. Ripple marks with well-rounded or fairly sharp crests are
common at the tops of the sandstomes. Coalified plant fragments are common
in the mudston&s and shales, and invertebrate fossils, mainly one spacies
of oyster, are locally common to abundant in the mudstones and coquinoid
marlstones. Typical exposures of the facies are shown in figures 28 and 29,
The lagoonal-paludal facies occurs in parts of the Dakota, Tropic, and
Straight Cliffs Formations. The facies is subdivided into lagoonal and
paludal components in the middle and upper members of the Dakota Formation
and in the lower part of the Tropic Shale where the distinction can be made
on the basis of relations to other facies. In the Straight Cliffs Formation,
however, strata deposited in lagoonal and paludal conditions are interbedded,
and a clear distinction between the two types of environmental deposits can-

not be made.

Interpretation.-~The relatively large quantities of organic deposits
and fine detrital materials in these beds are common constituents of deposits
formed in coastal lagoons and swamps where the rate cf detrital sedimentation

is low and conditions are suitable for the growth of abundant vegetation.
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agitation subsequent to initial formation as postulated by Gilbert (1899,
p. 136), but flume experiments by Simons, Richardson, and Haushild (1963,
P. 30) demonstrate that rounded ripple crests can also form where the water
contains more clay than can be kept in suspension by turbulence and bedloaz
transportation is in the lower flow regime.

In the John Henry Member of the Straight Cliffs, the gray moderately
sorted sandstones that contain abundant biotite are similar to sandstones
in the deltaic plain facies, and were probably deposited from sediment thaz
was carried into the lagoonal and paludal areas by rivers and their distri=u-
taries, Other very light gray well-sorted sandstones, which are similar t:
lithologies in the barrier sandstone facies, contain very little biotite
and were probably deposited by currents that carried the sediment over or
around barrier islands that separated the lagoonal and paludal areas from
the seaway. These beds probably represent deposits on washover fans or at
the inner mouths of tidal inlet channels.

Thin beds of black shale in the Straight Cliffs Formation are locally

‘fpresent throughout the lagoonal-paludal facies. The excellent fissility iz
.this lithology is probably the result of slow deposition of clay-size
suspension-held particles in areas that were sheltered from currents. Al-

thodgh carbonaceous mudstone cannot be used to distinguish between paludal

e"f

and lagocnal environments of deposition, an abundance of this lithology is

v
¥

considered fairly diagnostic of either or both environments, especially

where supported by other evidence.

Masters (1967, p. 2041) found that slump structures were common in
lagoonal deposits of Cretaceous rocks in rnorthwestern Colorado. In the
Kaiparowits region, however, slump structures are rare in strata of the
lagoonal~paludal facies and are more commoﬁ in beds in the alluvial plain,
deltaic plain, and barrier sandstone facies. This simply indicates that
slump structures can be formed in many different environments.

In summary, the lithologies, bedding structures, fossils, and strati-
graphic relations of the lagoonal-paludal facies indicate deposition in
coastal swamps and lagoons. Deposition of organic materials was rapid and
deposition of detrital sediments was slow compared to rates of deposition
of beds in most of the other facies in the report area. Detrital clay, sii:,

and very fine to fine grained sand were carried into the lagoons and
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swamps as suspended or bedload materials in relatively gentle flow condi- -
tions. The presence of thick coal beds interbedded with carbonaceous mud-
stone and the absence of oxidized brown mudstones suggest that the paludal
environments were similar to those of modern poorly drained swamps (Coleman,
1968). The thin sandstones, coquinoid marlstones, and black shales inter-
bedded with carbonaceous mudstone are similar to Upper Cretaceous estuarine
and lagoonal strata in the North and South Carolina coastal plain (Swift

and Heron, 1967) and are somewhat similar to Middle Devonian tidal-flat

deposits in Mew York (McCave, 1968, p. 89-90).

Barrier Sandstone Facies

Principal features.--The barrier sandstone facies consists almost

entirely of grayish-orange to very light gray very fine to fine grained
moderately to well-sorted sandstone in beds or units 0-200 feet thick. The
beds or units are generally continuous parallel to the shoreline, and

- . several in the John Henry Member of the Straight Cliffs can be traced 60 or

%

“more miles along the Straight Cliffs escarpment (fig. 15). Other lithol-
ogies locally present in minor quantities include black sandstone beds or
fossil beach placers and scattered pebbles, cobhles, or conglomerate lenses.

Fossils are whole or fragmented and occur scattered throughout many of
the beds or concentrated in thin lenses or beds. The most cormon forms are
the inocerams, oysters, and the burrow structure Ophiomorpha sp. The forms
most diagnostic of environments of deposition are the inocerams and the
ammoni tes',

The barrier sandstone facies is present in the upper member of the
Dakota and in the Tibbet Canyon and John Henry Members of the Straight
Cliffs. In addition, the northeasternmost part of the Drip Tank Member
of the Straight Cliffs contains features that are suggestive of this facies.
There are significant differences in the barrier sandstone facies in each
of these members. In the upper member of the Dakota, current-formed bedding
is generally absent, but mottles are present and fossils dominated by one
species are more abundant. In the Tibbet Canyon Member of the.Straight

Cliffs, current-formed bedding is present but not in well-defined units
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and fossils are scarce. In the John Henry Member of the Straight Cliffs,
current-formed bedding occurs in three well-defined bedding units, and fossil
fragments are common, although whole fossils are scarce.

The barrier sandstone beds in the John Henry Member of the Straight
Cliffs contain a threefold vertical sequence of units of current-formed
bedding structures. The lower unit of the sequence occurs in grayish-orange
sandstone and consists of horizontal stratification and low-angle medium- to
large-scale trough and planar cross-stratification (fig. 32). The middle
unit of the sequence occurs in 'grayish-orange to very light gray sandstone
and consists of low- and high-angle medium—scale trough cross-stratification
(fig. 33). The upper unit of the sequence occurs in very light gray to whits
sandstone and consists of very low angle (less than about 5°) medium- to
large-scale wedge-planar cross-stratification (fig. 34). Black sandstone
deposits occur locally as irregular lens-shaped bodies in the upper unit
(fig. 17). TFossils and pebbles or conglomerate lenses occur mainly in the
lower unit and less commonly in the middle unit.

Interpretation.,--Various authors have reached somewhat conflicting

conclusions about the palecenvirconmental adaptations of the fossils that
occur in the barrier sandstone facies, particularly the ammonites, but they
agree that the inocerams and ammonites lived predominantly in, and probably
were restricted to, marine habitats (Scott, 1940; Arkell and others, 1957;
Bergquist and Cobban, 1957; Hattin, 1962, 1965; Kauffman, 1967). Most other
fossils found in these beds indicate that deposition was mainly in normal
marine environments.

Some of the lithologic and faunal relatibns suggest local deposition
in brackish-water lagoonal environments. The southwesternmost parts of
several of the barrier sandstone beds in the John Henry Member of the
Straight Cliffs lack current-formed bedding structures and contain abundant
Ophiomorpha sp. and other burrows. Because these beds interfinger south-
westward with brackish-water strata of the lagoonal-paludal facies and
because Ophiomorpha sp. is found in both marine and brackish-water beds in
the report area, it is concluded that the southwestermmost parts of the
barrier sandstone beds were deposited in brackish-water conditions. Simi-

larly, the brackish-water fossil Crassostrea soleniscus occurs locally in

the southwesternmost parts of tongues of the Tibbet Canyon Member of
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the Straight Cliffs that interfinger with lagoonal-paludal beds of the
Smoky Hollow Member of the Straight Cliffs. C. soleniscus is also found

in parts of the barrier sandstone beds with normal marine fossils including
inocerams and ammonites, but in most of these occurrences the shells of

C. soleniscus are fragmented and abraided and probably were eroded from
preexisting beds and transported by waves and currents into the normal
marine areas.

The upper and middle units of the threefold vertical sequence of
current-formed bedding structures in the John Henry Member of the Straight
Cliffs are similar to bedding structures that occur in modern beach deposits.
Very low angle seaward-dipping wedge-planar crossbedding like that in the
upper bedding unit is common in the upper foreshore of modern beaches
(Thompson, 1937; McKee, 1957). High-angle trough and planar crecssbedding
like that in the middle bedding unit is common in the lower foreshore
(Thompson, 1937; Hoyt, 1962), although Hoyt found that the high-angle cross-
bedding also occurs in the upper foreshore under certain conditions. The
distribution of fossils within the threefold sequence is also significant.
No fossils were fcund in the upper bedding unit, only fossil fragments were
found in the middie bedding unit, but whole fossils as well as fragmonts
occur in the lower bedding unit. This distribution of fossils is apparently
a function of the different energy levels in the beach and shallow-water
nearshore warine environment.

The upper bedding unit probably represents intermittent flow conditions
in the upper flow regime where the abundant very low angle seaward-dipping
laminae are comparable to plane bed forms. Upcurrent migrating antidune
waves that clearly indicate upper flow regime conditions are common features
in the swash zone or upper foreshore of modern beaches, although bedding
structures formed by these waves are usually destroyed as the water current
diminishes. Lack of fossils in the upper bedding unic was apparently caused
by winnowing and attrition by these relatively high velocity currents of
high turbulence, and the white to very light gray color of these beds re-
flects the general scarcity of heavy minerals whose lack is the result of
winnowing by these currents.

The middle bedding unit was probably formed s}ightly farther toward

the sea in the lower foreshore and in the inshore area which extends out
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to the breaker zone. In this area, sediment grains are placed in moticz= By
waves, and the grains are then moved by relatively strong longshore curcznts
(Ingle, 1966, p. 53~54). The crossbedding indicates lower flow-regime ccn-
ditions, but chert or quartzite pebbles and cobbles larger than 1 inch ia
some of these beds indicate that upper flow-regime conditions were at lzzst
intermittently present (Fahnestock and Haushild, 1962). The highly turZu-
lent currents and the back~and-forth surges probably destroyed any upper
flow-regime structures that may have been formed and were probably respca-
sible for fragmenting any shells of organisms that may have been carrie:
into this zone.

The lower bedding unit was probably formed in offshore areas that were
farther seaward than the breaker zone. Articulated, whole, and nonabrzizd
fossils in thase beds suggest gentler currents, and the crossbedding inZi-
cates lower flow-regime conditions. Horizontal stratification may indi:zate
local upper flow-regime conditions near rip currents and (or) intermit:zzat
~ upper flow-ragime conditions that accompanied strong currents generatec
during storms. It may also have been formed by deposition of sand grai-
that were placed in suspension in the highly turbulent conditions of ths=
breaker zone znd subsequently carried offshore to be deposited directlys from
suspension.

The threefold separation of bedding structures is not clearly indi:ated
in other beach and nearshore marine sandstones in the Tibbet Canyon Me=Zer
of the Straight Cliffs or in the upper member of the Dakota Formation, znd
observations by the writer in Cretaceous marine sandstones of the soutlzrn
part of the Colorado Plateau indicate that, in general, the sequence o:
bedding structures is not a common phenomenon., Perhaps special circum=~
stances, suggested mainly by the local black sandstone deposits, are n:zces-
sary to explain the ssquence. On the basis of comparison of modern blz:k
sand deposits in Florida, Oregon, and eastern Australia, Houston and Y:rphy
(1962, p. 70-74) concluded that Cretaceous black sandstone deposits in
Wyoming were formed by concentration of the heavy minerals during sever=z
storms. The black sandstone beds in the Kaiparowits region odcur in szrati-
graphic sequences that are similar to those in Wyoming, and a similar
origin by concentration of heavy minerals during storms is likewise irZerred.

Jacka (1965, p. 88-89, fig. 6, zone 2) also concluded that trough
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crossbedding in the Almond Formation (Upper Cretacecus) in Wyoming similar
to that of the middle bedding unit was formed by strong longshore currents
that were generated during storms. Although none of the evidence can be
considered conclusive, the relations and comparisons suggest that the lower,
middle, and upper bedding units, respectively, were formed by coastal, long-
shore, and swash currents and that the bedding structures and sequences as
well as the black sandstones may have been formed primarily by strong cur-
rents that were generated during storms.

Current-formed bedding structures are generally not well preserved on
the lagoonal, or landward, side of the barrier sandstone beds in the John
Henry Member., The lagoonal parts of some of these beds contain abundant
Ophiomorpha sp. or mottles which suggest that any current-formed bedding
structures that may have been formed were obliterated by bottom-dwelling
organisms,

The barrier sandstone beds are locally overlain by very fine to fine
grained mcdarately te well-sorted very thin bedded sandstone that is gener-
ally less than aboutr 10 feet thick., These beds were probably formed from
sand that was recworked from the subaerial part of the barrier island during
a landward or seaward shift of the shoreline. No beds that contzia fea-
tures suggesting deposition in subaerial environments have thus far been
found at the top of the various barrier-island sandstone beds, and it is
concluded that the subaerial deposits were removed or reworked by water
currents so that their original character cannot now be determined.

Bedding structures in the Tibbet Canyon Member of the Straight Cliffs
are mixed, and a threefold separation of the structures is generally noct
apparent, Locally, the Tibbet Canyon grades landward into fluvial sand-
stones of the alluvial-plain facies, indicating that streams, at least
locally, discharged directly into the sea rather than into the lagoons and
swamps behind the barrier islands as more commonly occurred during deposi-~
tion of the barrier sandstone beds in the John Henry Member. This suggests
that the three types of bedding structures were formed where there was
little or no disruption of the various nearshore marine currents by fluvial
currents.

The upper member of the Dakota Formation contains three sandstone beds

that are linear or gently curved in plan view and approximately lens shaped

139




in cross section. These beds are generally devoid of current-formed
bedding structures, but they are mottled or contain burrow structures
including Ophiomorpha sp., which suggests that bottom-dwelling organisms

destroyed any bedding that may have been present. Numerous Exogyra levis

are present in the upper 1-3 feet of two of these sandstones. There is:
no evidence in the report area that these beds were ever built up as is-
lands above sea level, and they may have been formed as submarine offshore
bars or shoals. ,

In summary, barrier sandstone beds in the Straight Cliffs Formation
were deposited as barrier islands that separated the open marine waters of
the Western Interior seaway from lagoonal and paludal areas in the coastal
lowlands. The only remnants of the subaerially exposed parts of the is-
lands that are still preserved are the relatively thin strata that contain
the upper bedding unit and possibly some of the middle bedding unit. The

larger part of each of the barrier sandstone beds was deposited in shallow

. 'mearshore marine waters, although a small part was deposited in brackish-

wéxer lagoonal conditions.

| The seaward parts of the barrier sandstone beds in the John Henry
Member wers probehly deposited under the action of coastal, longshore, and
s&ash currents. The distribution of fossils and fossil fragments, black
sandstone deposits, aund current-formed bedding structures suggests strong
currents that probably occurred intermittently and were generated during
storms. The landward parts of the barrier sandstone beds were deposited
under gentle current conditions in brackish waters of lagoons and swamps.
The Tibbet Canyon Member was deposited under similar conditions except
that streams which discharged directly into the seaway probably disrupted
the continuous flow of nearshore currents., The sandstone beds in the upper
member of the Dakota Formation were probably deposited under more gentle
current conditions in shallow marine to brackish waters. Deposition of most
of these beds was probably near the shoreline, but beach deposits are not
present in the report area and the shoréline was probably a short distance

to the southwest or northwest.
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Offshore Marine Facies

Principal features.-~The offshore marine facies is characterized by

an abundance of fossiliferous mudstone and shale. Other lithologies that
are locally common are very fine grained sandstone, siltstone, calcareous
shale, and limestone concretions (fig. 35). The sandstone and siltstone
beds, generally less than 2 feet thick, are horizontally stratified or
ripple cross-laminated and occur near strata of the barrier sandstone
facies. The calcareous shales, including those that contain fossiliferous
limestone concretions, generally occur at moderate distances away from
time-equivalent strata of the barrier sandstone facies. The fossil fauna,
in general, is rich and varied and includes species of foraminifers,
coelenterates, annelids, pelecypods, gastropods, cephalopods, arthropods,
and vertebrates.

The Tropic Shale and thin tongues of the Tropic that extend into the
upper member of the Dakota Formation and into the lower part of the Tibbet
Canyon Member of the Straight Cliffs compose the stratigraphic unit that
is most typical of the offshore marine facies in the report area. The
lower and upper marine mudstone tongues of the John Henry Member of the
Straight Clififs are also included in the offshore marine facies.

Interpretation.--The abundant and varied benthonic, nektonic, and

planktonic fossil fauna clearly indicates deposition in waters of normal
marine salinities. The balanced numbers of planktonic and benthonic foram-

inifers, especially in the zonme of Sciponoceras gracile, suggest water

depths comparable to those over modern continental shelves, that is, ap-

proximately 200-400 feet (J. F. Mello, written commun., 1965). Living

pelecypods of the genera Ostrea, Anomia, Lima, and Corbula suggest approxi-
mate maximum depths of 120-250 feet (Keen, 1958, 1963). The whole assem-
blage suggests water depths of about 200-250 feet in the zone of §. gracile,
and the relation to underlying transgressive and overlying regressive
deposits suggests somewhat shallower depths in the other beds of the off-
shore marine facies. This can be considered only a rough approximation
because little is known about the environmental adaptations of these
organisms so far back in geologic time. Water temperatures are equally

difficult to estimate, but comparison of living gastropods and pelecypods
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with the same fossil genera that occur in the offshore marine facies sug-
gests warm to temperate waters. Foraminiferal evidence in northwestern
Colorado led Kent (1968) to conclusions that suggest water temperatures
were 20°C (68°F) or more in southern Utah,.

The vertical sequence of lithologies in the middle and upper parts of
the Tropic Shale demonstrates the lateral gradations that occurred during
deposition of the offshore marine facies. Interbedded sandstone, siltstone,
and mudstone at the top of the Tropic were deposited nearer the shoreline,
noncalcareous and calcareous shale farther down in the Tropic were deposited

farther offshore, and calcareous shale containing fossiliferous limestone

~concretions in the faunal zone of Sciponoceras gracile were deposited at

even greater distances offshore. Ripple cross-lamination in the sandstone
and siltstone beds that were deposited nearer the shoreline indicates sea-
ward diminishing of bottom current velocities which were of greatest inten-
sity at the shoreline.

Thin quartz sandstones and bioclastic sandstones (calcarenites) that
are present in minor amounts throughout the offshore marine facies also
coutain ripple cross-lamination which indicates that gentle bottom currents
wera at least intermittently active. The calcareous shales containing fos-
siliferous limestone concretions are transitional beds that mark a lateral
gradation into limestone beds of the distant marine facies which is not
present in the report area. The transitional beds occur in areas where
deposition of limy muds, probably caused by biogenic processes, was zpproxi-
mately equal to or exceeded deposition of detrital sedimenc that was ulti-
mately derived from land areas. Because hydrodynamic conditicns and
contemporaneous crustal disturbances also governed the distribution of
detrital sediment that was carried into the seaway from land, limestone
could have been deposited nearer the shoreline at one time than shales and
muds tones were deposited at another time.

In summary, the offshore marine facies was deposited in neormal saliniiy,
open marine environments in the Western Interior seaway. Maximum water
depths were probably about 200-250 feet, and the water temperatures were
comparable to modern warm cor temperate seas., Stratigraphic relations indi=-
cate that deposition occurred approximately 5-10 miles to several hundred

miles offshore, but the type of deposits was determined by several factors
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including rate of detrital sediment carried into the seaway from laz:,
hydrodynamic conditions, and biogenic sedimentation. Ripple cross-lzminated
thin sandstones indicate that gentle bottom currents were at least Izter-
mittently active, and the abundant fossil fauna present in most of the beds

indicates that oxygenated water was circulated freely.

Distant Marine Facies

Principal features.--The distant marine facies is not present In the

report area, but the Greenhorn Limestone of central Kansas is consizered
typical of the facies. Hattin (1962, p. 17; 1965, p. 11-12) descrizad the
Greenhorn in Kansas as consisting of olive- to medium-gray chalky szzle and
limestone in thin to medium beds, some of which are crossbedded or ==it a
petroliferous odor when freshly broken. The formation contains abt:-danc
fossils that mainly include inocerams, but oysters, ammonites, anc zirripeds
are also present., The nearest beds of the distant marine facies arz the
Greenhorn Limestone Member of the Mancos Shale in the San Juan Bas:in of

New Mexico, abouvt 120 miles east-southeast of the Kaiparowits regi:zna.

Internretation.~-The abundance of benthonic and nektonic foss_ls in ths

Greenhorn Limestone indicates deposition in well-oxygenated, normzl marine
waters. Comparison with time-equivalent barrier sandstone strata Iadicates
that the facies was deposited approximately 50-100 miles to severzl hundred
miles offshore in areas where the rate of detrital sedimentation wzs exceeded
by the rate of deposition of calcareous materials that probably we:é derived
largely from biogenic processes. The calcareous shales and fossiliIferous

limestone concretions in the zone of Sciponoceras gracile in the Tropic Shale

are transitional between the offshore marine facies and the dista=:z marine
facies. They are included in the offshore marine facies because ¢Z the lack
of limestone beds and because the zone is composed predominantly ¢f calcar-

eous shale.
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Distribution of Facies

DAKOTA FORMATION

Lower member.--The oldest Cretaceous deposits in the region are the

fluvial and residual strata in the lower member of the Dakota Formation.
These beds do not fit well into any of the facies categories used in this
report, but they are included in subdivision A of the alluvial plain facies,
mainly for convenience but also on the basis of fluvial origin of some of

the beds and relative coarseness of materials. However, the fluvial deposits
are not as widespread as more typical strata in subdivision A that occur in
younger formations. Carbonaceous mudstone that is more typical of subdivision
C of the alluvial plain facies occurs as lenses and tongues in the lower
member and indicates the gradational nature of the transition into the middle
member which contains abundant carbonaceous mudstone. The general relations
of facies in the lower member are shown diagrammatically in figure 36.

Middle member.--The middle member of the Dakota consists mainly of flu-

vial channel sandstones and backswamp deposits of subdivision C of the al-
luvial plain facies (fig. 36). The member contains yellowish-green mudstone
beds in the southwestern and southeastern parts of the region that are more
typical of subdivision B (pls. 14, 15, 16). These beds contain fluvial
channel sandstones instead of the more widespread fluvial braided-belt sand-
stones that are more typical of subdivision B and, for this reason, the
yellowish-green mudstones in the middle member are somewhat transiticnal
between the two subdivisions.

The four coal beds in the middle member compose a paludal facies and
indicate times when swamps were well established in the region (fig. 36).
Plate 16 shows the total thickness and extent of coal bed No. 4, whereas
plates 14 and 15 show the total thickness of all other coal beds or lenses
that are below or above the bentconite marker bed, respectively. Thus, plate
14 shows mainly the thickness and distribution of coal bed No. 1 but also
includes scattered lenses and approximately contemporaneous coal beds in the
northeastern part of the region that could not be correlated reliably with
coal bed No. 1. Similarly, plate 15 mainly shows the thickness and distri-
bution of coal in coal beds 2 and 3 that also canpot be correlated reliably

in the northeastern part of the region.

145




. e e ot A e+ e e — e e —a— = - - . - —_ -

*uoyf9x g3TMoxwdIry UIDIEROUINOE UT Sp{eI [rAISOOUB PUB SUOIIV]AL
safoey Bupmoys arwys o1dox] Jo 3awd 19MO] puB UOTIBWIOI BIOMR( JO U013DIS OYietwuadeid--°9f FANOTII
{19qusm 2TppTW LI SpPd 77
120D INn03J PIPNTOuUL) EIFoeJ JEpnird §m
0 UOTSTAIpqNS--82Fory uyeld [PIANIIV m

peq 1ojavw dIFUCIUDY V.
Poq T¥0D —¢—

§ g93108] SujarW JURIETP OIJUY ,1!.4!}‘._
{ 1Buoj3fsuval ‘sofo83 durasm 3aoysyjg == 7 UOFSTATPQNS 03UT TUUOTITHUBI]

‘ -~
97983 QulJvW DI10USIJQ D € UO1SFATPQRS--5070F UTeTd TeTANTTY B

10T STATPQNS--82F02Y urwid IvIANTIY [°°°°
891083 ®uOISPURS XAFIABG [ ' " | v ©OTSIATRq 1ou3 upelc 1vIAOIIV E
8310wy TRUOOZRT m N\ m_
NOTILVNVIdXd Qu1jotup 1O
L putoiunow .
aui|d1jup }\eceL;.zv/Louuo Loz
zocom ..Jnm \-.It...n.vvv,
. aul|d214uD c\uﬂs 2% 3 u_n::z\ %.r.w ..,.q,.muz.ou
i4t1dn . aul|d211uyDp uiDjunopw \mq..ow.o o o,,..ns.w“,o.,. \\\\.\ TTale ., T Ov
$401D - uokun) Ayows %yo. P ]
912413 ; 09
z
. o >
n . a P
= 19Qwaw o roe g
3 _ ] ° ©
= . ] rq—n Fnl — — n O
O - it Sets DU A P g tocol =
Q. N a
T ]
T T AT i S L I T D e 5 e Fovl
| oY,
] R
(41035) 2toyg oidos) : St kool
| ——e U P SR e - .
. - 08l
- - NN comee SRIWE iy v e e
Hw Qb - ey
. i ! L :
P~ \ N h
& OO © 9 ©® @ © O @ ® O
$502ygI0N ) {s9mMy4inog

140




C Y

Although paludal and lagoonal strata are interbedded in the Straight
Cliffs Formation, no faunal evidence was found that would indicate the presence
of lagoonal strata in the middle member of the Dakota Formation.

Upper member.--The upper member of the Dakota includes strata of the la-

goonal, paludal, barrier sandstone, and offshore marine facies (fig. 36). The
lagoonal facies is characterized by thin beds or lenses of sandstone, mudstone,
or coquinoid marlstone that contain abucdant oyster shells and that probably
represent oyster reefs and deposition in brackish-water enviromments. A thin
coél bed 0-6 inches thick occurs in the southwestern part of the region and
indicates a local area of paludal deposition. Two relatively thick sandstone
beds that are included in the barrier sandstone facies occur at the top of the
member in the southwestern and northeastern parts of the region (fig. 36). Al-

though these beds are of slightly different age (fig. 7), they are similar in

composition (pl. 2) and contain abundan:t Exogyra levis in the upper part. The

sandstone bed in the faunal zone of Dunvecanoceras conditum in the northeastern

part of the region extends about as far southwest as Surprise Valley (pl. 1)
where the bed grades into mudstone in the lower part of the Tropic Shale. The

sandstone bed in the faunal zone of D. zlbertense in the southwestern part of

the region is only present in Wahweap Creek canyon, and this bed grades north-
eastward into mudstone in the lower part of the Tropic Shale. Marine mudstone

and shale beleow this bed compose an ofishore marine facies (fig. 35).

TROPIC SHALE
The Tropic Shale consists almost entirely of the offshore marine facies ex-

cept for the lowest beds in the zone ¢f Dunveganoceras pondi (figs. 7, 36) that

contain thin coquinoid marlstone lenses of abundant oyster shells., These fos-
sils suggest deposition in brackish-water environments, and their presence is
the reason for placing these beds in the lagoonal facies. The limestone lenses

and calcareous shales in the thin zone of Sciponoceras gracile suggest a transi-

tion into the distant marine facies, but these beds are included in the offshore
marine facies because calcareous shale predominates and the limestone is not in
beds.

STRAIGHT CLIFFS FORMATION -

Tibbet Canyon Member .--The Tibbet Canyon Member is a thick sandstone unit

at the base of the Straight Cliffs Formation and is considered typical of

the barrier sandstone facies. The menber grades southwestward into




lagoonal, paludal, and alluvial plain strata in the lower part of the Smoky
Hollow Member and grades northeastward into offshore marine strata in the
upper part of the Tropic Shale (fig. 37). Some of the southwestward-extending
tongues of the Tibbet Canyon contain abundant well-preserved Crassostrea
soleniscus which suggest local deposition in lagoonal enviromments. The
intertonguing relations, shown iﬁ detail on plates 9 and 10, indicate that

the member was formed by deposition of sandstone bodies, which are lens

shaped in northeast-southwest cross section, and that these lenses overlap
each other like shingles on a roof, giving a general imbricate structure

to the member. ‘

Smoky Hollow Member.,--The Smoky Hollow Member comsists mainly of the

alluvial plain facies, although three large irregularly lens shaped bodies
of the lagoonal-paludal facies are present at the base (fig. 37). Two of
the irregular lenses in the southwestern part of the region are outlined by
the included cocal beds as shown on plate 17. The third, or northeastern-
most, body of lagoonal-paludal strata is somewhat more irregular in outline
and occurs in an area where the coal beds could not be correlated in detail
because of talus and soil cover. Deltaic strata are not common in tne
member, and this accounts for the lack of a deltaic plain facies in figure
37. The reason for the general absence of this facies is that the streams
generally discharged directly into the seaway instead of a2t the landward
side of the lagoonal-paludal areas. Most of the strata in the remainder of
the member consist of yellowish-green mudstone and fluvial braided-belt
sandstcnes that are typical of subdivision B of the alluvial plain facies.
The pebbly sandstone of the Calico bed at the top of the Smoky Hollow is
typical of subdivision A of the alluvial piain facies.

John Henry Member.--Strata in the John Henry Member grade from non-

marine in the southwestern part of the region to predominantly marine in

the northeastern part. Progressing from southwest to northeast, the lateral
sefjuence of facies in the member generally is: the alluvial plain facies
(subdivision B), the deltaic plain facies, the lagoonal-paludal facies,

the barrier sandstone facies, and the offshore marine facies. The lagoonal-
paludal facies was not deposited continuously in the area, although it may
have been deposited continuously farther northwest., The distribution of

facies is illustrated in figure 38, which shows a somewhat irregular
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distribution of the deltaic plain facies because the line of section cuts
across several lobes of this facies that extend into the region from the
southeast. Lagoonal and paludal strata in the member are included in one
facies because they are complexly interbedded and cannot be readily separated.

The deltaic plain facies occurs in both the coal and barren zones,
which are distinguished primarily on the presence or absence of coal in beds
1 or more feet thick. However, the deltaic plain facies is recognized pri-
marily on the type and distribution of the sandstone beds. Ideally, strata
of subdivision C of the alluvial plain facies should occur between strata
of subdivision B and étrata of the deltaic plain facies. It was not prac-
tical, however, to separate these beds owing to the difficulty of distin-
guishing fluvial channel sandstones deposited by meandering streams from
fluvial channel sandstones deposited by delta distributaries.

The horizontal distribution of coal during deposition of the lower,
Christensen, and Rees coal zones is shown on plates 18, 19, and 20. 1In
general, the deltaic plain facies occurs along the southeast and southwest
edges of the coal areas shown on these plates and in figure 38, The Alvey
coal zone has been eroded from most of the area, but the stratigraphic

relations shown in figure 38 indicate that the deltaic and lagoonal-paludal

. facies as applied to this coal zone are restricted to the area northeast

of the Rees Canyon anticline.

Drip Tank Member.--The Drip Tank Member is a widespread, thick predom-

inantly fluvial sandstone unit that is mainly included in subdivision A of
the alluvial plain facies. Some of the bedding structures in the north-

eastern part of the region suggest northeastward gradation into the barrier
sandstone facies; this gradation is also suggested by shark teeth that were
found in the member in the northern part of the Kaiparowits region by E. V.
Stephens (oral commun., 1967). Correlation with the Emery Sandstone Member
of the Mancos Shale in the Henry Mountains region (fig. 39) indicates that
the area where most of the facies changes occurred was northeast of the

Kaiparowits region.

WAHWEAP FORMATION
The Wahweap Formation consists mainly of interbedded fluvial braided-

belt sandstones and yellowish-green mudstones that are typical of
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subdivision B of the alluvial plain facies (fig. 39). The lower par: of
the formation contains large quantities of mudstone (fig. 20), some of
which might have been deposited in local lacustrine environments. Lzzge-
scale crossbedded units similar to those found in the deltaic plain Zzcies
but interbedded with yellowish-green mudstone instead of carbonaceous mud-
stone are scarce but occur in this part of the formation and suggest Iocal
deltas on tﬂé periphery of the lakes. Palynomorphs can be helpful i= dis-
tinguishing lacustrine environments, but the samples collected from zkhis
formation were barren. The thick and widespread fluvial sandstone u=it at
the top of the formation is typical of subdivision A of the alluvial >lain
facies. There is no evidence that any part of the Wahweap was deposized
in marine environments as indicated by Van De Graaff (1963) and Lesszatine
(1965, p. 2017).

FORMATIONS TN NORTHWESTERN KAIPAROWITS REGION

The two younger Cretaceous formations in the northwestern part I the
Kaiparowits region were not studied in detail for this report. The lascrip-
ticns given by Robison (1966, p. 27-28) and Lohrengel (1968) sugges: zhat
the Kaiparowits Formation consists of alluvial plain and possibly delrzaic
plain facies., The conglomerate and mudstone unit that lies on the ziparo-
wits Formation is similar to strata that are considered typical of zih=

piedmont facies of Spieker (1949).
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SEDIMENTATION AND TECTONISM

Cretaceous sedimentation in the region occurred while slight, but
nevertheless significant, structural deformation was in progress. The
growing structures partly governed the distribution of sediments in such
a manner that movement on the ancestral structures can be distinguished by
facies changes and thickness variations that approximately coincide with
at least parts of the present structures. The evidence for contemporaneous
structural deformation during any given time interval is commonly subtle
and could be explained for any single case as only coincidence. However,
when the evidence for several time intervals is considered, the close re-
lations of facies and thicknesses to the present structures are repeated
too often te be explained by chance, and growth of the structures during
sedimentation is the only reasonable interpretation.

Movement on local folds and faults must be considered in relation to
large-scale structural movements. For example, thinning of beds cver an
anticline suggests that the anticline grew during deposition of the beds,
but if regional subsidence was occurring at the same time and no local
unconformitias are present, the anticline was merely subsiding at a slower
rate than the adjacent synclines. The tectonic movements, both lccal and
regional, were continuous when considered throughout the breoad scale of
geologic time, but it cculd not be determined whether the movements were
continuous or intermittent at the scale of time represented by several

feet of strata.

General Setting

The Kaiparowits region is a relatively small structural basin in the
southwestern part of the Colorado Plateau Province of Utah, Colorado, New
Mexico, and Arizona. The province was part of the stable shelf, or plat-
form, region that lay east of the Cordilleran geosyncline from Precambrian
to about Jurassic time. With the probable exception of the Ordovician and
Silurian, each of the other systems belonging to this long time interval
was deposited on the shelf area but in considerably thinner sequences than

equivalent rocks in the geosyncline. During the Nevadan orogeny of Late
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Jurassic to Early Cretaceous time, the Cordilleran geosyncline was uplifted
to form a long, narrow highland or possibly a mountainous region that ex-
tended from Mexico north into Canada, and an arm or bulge in this uplifted
area extended southeastward through central Arizona and into New Mexico.
Uplift in the Cordillera and adjacent regions caused the seas to recede,

and the Colorado Plateau region became the site of erosion and local contin-
ental deposition during Early Cretaceous time.

The Cordillera was continuously uplifted during Late Cretaceous time
while the region to the east, from Texas northward into Canada, gradually
subsided and allowed marine waters from the Gulf of Mexico and the Arctic
Ocean to invade the Western Interior. Between the Cordillera and the sea-
way, an alluvial coastal plain was formed by aggrading streams that flowed
generally eastward or northeastward from the Cordillera. South-central
Utah at that time was between the Cordillera and the main part of the sea-
way and was situated about where the coastal plain bordered the seaway.

A series of barrier sand islands generally extended along the shore-
line of the seaway and separated the open marine waters from deltaic, swamp,
and lagoonal areas on the lower part of the coastal plain. The type and
the distribution of the various depositional environments were governed
partly by landward or seaward migration of’the strandline end partly by

growing structures.

Late Jurassic Time

&

Jurassic sedimentation in south-central Utah ended with deposition of
fluvial sandstone and conglomerate beds of the Morrison Formation. Studies
by Craig and others (1955) and Cadigan (1967) have shown that the forma-
tion was deposited on a broad northeastward- to eastward-sloping alluvial
plain in a climate that was semiarid but gradually changed to more humid
conditions during deposition of the upper Morrison strata. Jurassic for-
mations older than the Morrison consist of eolian and marginal marine
strata comprised mainly of very fine grained sandstones, siltstones, mud -
stones, and shales. The relatively coarser grained sandstone and pebbly
sandstone beds throughout the Morrison and local occurrences of conglom-

erate beds as much as 80 feet thick at the top of the Morrison suggest
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gradually increased tectonism in the source regions. The source regions
probably were more than 100 miles west and southwest in highlands on the
Cordilleran geanticline and in an extension of the geanticline that stretched
southeastward across central Arizona and into southern New Mexico (Imlay,
1956, figs. 7, 8; Eardley, 1962, pl. 10). These regions consisted mainly

of sedimentary rocks (Craig and others, 1955, p. 150). Some of the thick- |,
ness and facies variations in Upper Jurassic strata suggest slight local
tectonic activity in the southeastern Kaiparowits regiom, but at present

the investigatiouns are too preliminary to be conclusive.

Early Cretacecus Time

Little is known about conditions in the Kaiparowits region during most
of Early Cretacecus time because rocks of this age are not known to be
present., Craig and others (1955, p. 145) and Imlay (1936, fig. 9) indicate
that the region consisted of low tec high plains that sloped gently north-
eastward or eastward during latest Jurassic time. Indications that the
regicn had a nilly topography and that the land surface continued to slove
generally easctward during Early Cretaceous time are suggestad by the slight
northeastward regional tilting that occurred before deposition of the Dakota
Formation (fig. 6), by northeastward~, eastward-, and southeastward-trending
paleostream patterns in the lower and middle members of the Dakota (pl. 3),
and by remnants of the hilly topography preserved beneath the Dakota (pl. 3).
Several lenses and tongues of carbonaceous mudstone in the lower member of
the Dakota and abundant coal and carbonaceous mudsténe in the middle member
suggest moderate amounts of rainfall which probably persisted through the
Early Cretaceous from latest Jurassic time.

Imlay (1956, text for fig. 9) noted that much of the erosion of the
Morrison Formation occurred during Neocomian time, suggesting that this may
have been a time of broad regional uplift. That regional subsidence occurred
during the later part of Early Cretaceous time is suggested by gradual inun-
dation of the Western Interior region by marine waters beginning in about
late middle Albian time (Reeside, 1957, p. 513) and by continued inundation
that reached the Kaiparowits region by middle Cenomanian time. It should
be noted that the role of eustatic sea-level changes during Cretaceous time

is unknown at present, but this mechanism cannot explain the presence of
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nearshore marine and beach strata in approximately 2,300 feet of strata in
the Kaiparowits region and in considerably greater thicknesses of strata
in other parts of the Western Interior. It would appear, then, that eustatic
sea-level changes were minor compared to the large-scale structural move-
ments. Local tectonic activity during at least the latest part of Early
Cretaceous time is suggested by thickness variations in the lower and midcéle
members of the Dakota that coincide approximately with present fold axes

or fault blocks (pl. 3) and by abrupt truncation of Upper Jurassic rocks in
the southwestern part of the region (fig. 6). A summary of the active tec-
tonic features in the region during at least the latest part of Early

Cretaceous time is shown in figure 40.

Cenomanian Time

Cencmanian strata include the Dakota Formation and the lower part of
the Tropic Shale (table 3). These beds record deposition in continental,
transifional, and marine enviroaments during regional subsidence and a
transgressive phase in which marine waters of the Western Interior seaway
gradually iaundated the region. In addition, the nature and discribution

of the various facies were partly governed by growing structure

(U}

N

The oldest strata in the region are the fluvial and residual depoasits

~in the lower member of the Dakota. Fluvial conglomerates are abundant in

- the southwestern part of the region in Wahweap syncline where crossbedding

measurements indicate that the streams flowed into the region from the
southwest (pl. 5). The abundance of pebbles at Wahweap syncline was prob-
ably caused by a change in stream gradients. Thus, streams flowing acroess
upland areas of the ancestral Cedar Mountain anticline and regions farther
southwest had relatively éteep gradients, and the coarser fraction of the
bedload was deposited at the change to relatively gentle giadientslin the
southwestern part of the ancestral Kaiparowits strﬁctural basin. Relative
uplift of the ancestral Cedar Mountain anticline occurred before deposition
of the lower member of the Dakota (fig. 6), and the presence of the conglom-
erates suggests that the anticline continued to grow during deposition of
the lower member,

Northeast from Wahweap syncline in the central and northeastern parts

of the region, the lower member consists of fluvial sandstones and residual
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deposits of sandstone, pebbly sandstone, and local conglomerate. The
residual deposits are recognized by their poor sorting, presence of broken
sand- or pebble-size clasts, carbonaceous material, lack of current-formed
bedding structures, and light-gray color similar to that of the sandstones
and conglomerates of the underlying Morrison Formation. The residual de-
posits are especially common on the depositional highs of the ancestral
Rees Canyon anticline and the northeast flank of the structural basin near
Fiftymile Point. Apparently, these were areas of deep weathering that were
completely buried by younger Dakota sediments before erosional processes
stripped off all the surficial weathered materials,

The lithologies indicate a source primarily from older sedizentary
rocks. Chert pebbles in the member contain late Paleozoic fossils that
could have been reworked from Morrison beds, but the general scuzhwestward
truncation of Upper Jurassic strata shown in figure 6 suggests chat the
Morrison was not present farther southwest at that time. None oI the older
Jurassic or Triassic formations southwest of the region, including the
Shinarump lMember of the Chinle Formation (Phoenix, 1963, p. 18), contain
such an abundance of chert pebbles, and the evidence suggests tikzt most of
the cherc came directly from late Paleozoic formations which pro>ably were
exposed more than 100 miles southwest in the Cordilleran geanticline,

Late Paleoczoic rocks that contain fossiliferous chert nodules and that are
presently preserved in northwestern Arizona and southern Nevada include
limestones and dolomites, and presumably these lithologies were zhe source
of the chert pebbles in the Kaiparowits region. The relatively high quartz
content, the presence of well-rounded grains and fragments of well-rounded
grains, and the scarce pebbles and cobbles and rare boulders of sandstone
indicate an origin from quartz sandstones that probably included nearby
Jurassic and Triassic quartzose eolian sandstones as well as sandstones

in the Cordillera,

The middle member of the Dakota Formation consists mainly of fluvial
5ﬁ4 overbank deposits of the alluvial plain facies (fig. 36). Statistical
studies of paleostream channels in the member (pl. 5) demonstrace that
streams entered the region southwest of the Rees Canyon anticline from
highland areas to the southwest, west, and northwest and generally left

the region by flowing southeastward. The presence of a low topographic
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ridge at the ancestral Rees Canyon anticline is indicated by isopachs of
the lower and middle members (pl. 3) and isopachs of coal in the middle
member (pls. 14, 15, 16). This ridge prevented the streams from flowing
farther northeast. Other streams that entered the northeastern part of
the region were probably deflected southeast by the same topographic ridge
or possibly flowed across low places in the ridge and into the central part
of the region.

The detrital materials in the middle member were derived primarily
from older sedimentary rocks in areas near the Kaiparowits region and also
in the highlands of the Cordillera. Scattered chert pebbles that contain
late Paleozoic fossils are scarce but occur at or near the base of some of
the fluvial channel sandstones in the southwestern part of the region. Like
those in the lower member, the pebbles probably came directly frowm late
Paleozoic carbonate rocks in the Cordillera far to the southwest. The high
quartz content and the quartz, quartzite, and dolomite grains im the sand-
stones indicate an origin mainly from preexisting quartz sandstones, quartz-
ites, and dolomite beds in the Cordillera or from nearby quartzose eolian
sandstones of Jurassic and Triassic age, The presence of ounly one bentounite
bed in the report area suggests that most of the bentonitic materials in
the mudstones came from preexisting bentonitic rocks and (or) from ash falls
outside the area, with subsequent reworking and stream transportation. It
would seem that conditions should have been suitable for at least local
preservation of other bentonite beds if other ash falls had occurred direct-
ly in the region, The coal beds originated in the sedimentary basin and
indicate areas in which little or no detrital sedimentation occurred and
conditions were suitable for the preservation of abundant plant debris.

Downwarping of the region as a structural basin is indicated by the
distribution of coal in the member (pls. 14, 15, 16). The cyclic alterna-
tion of the coal beds and the alluvial plain deposits was the result of
differences in the rate of sediment influx-~the coal beds indicating times
when the rate of detrital sedimentation was slow and the alluvial plain
deposits indicating times when the rate of detrital sedimentation was
relatively rapid. Southeastward-trending paleostream directions in the
central part of the region indicate that a southeastward-sloping alluvial

plain was formed between the periods in which coal swamps occupied the
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basin. Regional subsidence in relation to sea level probably continued /
from Albian time because the middle member is overlain by brackish-water
strata that record the first stages of invasion by the Western Interior ‘
seaway.

Movement on many of the folds and some of the faults before and during
deposition of the Dakota Formation is suggested by thickness variations in
an isopach interval consisting of the lower and middle members (pl. 3). The
upper contact of the isopach interval is the top of coal bed No. 4, which
is a time-equivalent or nearly time equivalent surface and probably was
horizontal or nearly horizontal at the time of deposition. Thinning of
units within the isopach interval generally is proportional except at the
fluvial channel sandstones where differential compaction occurred (fig. 7).
The isopach map, therefore, indicates that (1) the surface on which the
Dakota was deposited had a mature topography consisting of low ridges and
broad valleys; (2) many of the present structures in the region are closely
related to the ridges and valleys, indicating that the structures shown on
plate 3 had begun moving before deposition of the Dakota; (3) the inferred
trends of the ancestral folds cut across the present trends of Grand Beanch
and Echo monoclines, indicating that the monoclines were formed later, pre-
sumably at the end of the Cretaceous Period; and (4) continued growth of
these structures occurred during deposition of the lower and middle members.
A small but undetermined amount of erosion that must have occurred on the
ridges before they were completely covered by the uppermost beds of the
middle member is also reflected in the isopachs. Uplift on the ancestral
Smoky Mountain anticline is not clearly indicated because of downfaulting
at the crest of the fold. Judging from the thinning northeast of the
:faults, however, a small amount of uplift probably occurred.

The coal isopach maps (pls. 14, 15, 16) also support the hypothesis
that many of the folds and some of the faults were actively moving struc-
tures during deposition of the middle member., The ancestral fault in
Wahweap syncline, shown on plate 3, cuts across the coal isopachs and
probably was not active at that time. -

A summary of the various structures that were active during deposition
of the member are shown in figure 40. The position of the fold axes in this

figure was determined by the best fit of data in figure 6 and on plates 3,
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5, 14, 15, and 16. Lack of precise correspondence of some of the fold axes
to isopach minimums or maximums is attributed to erosional irregularities
caused by the greater abundance of streams in the central part of the region
(pl. 5) and to relatively greater sedimentation at the change in stream
gradients in the southwestern part.

The general ecological conditions during deposition of the nonmarine
part of the Dakota Formation in southern Utah were probably similar to those
of the approximately time equivalent Dakota Sandstone in Black Mesa basin,
which is only about 70 miles southeast of the Kaiparowits region in north-
eastern Arizona., J. M. Agasie obtained an abundant assemblage of palyno-
morphs from the Dakota in Black Mesa basin and concluded (Agasie, 1969, p.
16-17) that,

"The area during deposition of the Dakota Sandstone prob-
ably consisted of a low-lying coastal plain, covered with ferns
and angiosperm trees and shrubs, with conifers occupying well~-
drained, low upland sites. * * * Although the ecological re-
quirements might have been somewhat different in the geologic
past, the flora of the Dakota Sandstone, when compared with
analogous modern floras, suggests very wet, subtropical to
tropical climatic conditions in the lowlands with diminishing
warmth at higher elevations."

The stratigraphic relations of the Dakota in the Kaiparowits region

indicate that the lower and middle members were depesited in the topographic

low areas of a broad plain that stretched from the highlands of the Cordillera

to the west and southwest to the Western Interior seaway that lay farther
east or southeast., Although marine beds are not present in or near the
Kaiparowits region, approximately correlative nearshore marine beds are
present in northwestern New Mexico, indicating that the shoreline of the
seaway probably was in southeastern Utah. Southeastward thinning of the
coal beds and gradation into strata of the alluvial plain facies suggest
that the coal was not formed in coastal swamps that were separated from the
seaway by a narrow zone of barrier sand islands as occurred during deposi-
tion of the Straight Cliffs Formation. Instead, the evidence suggests that
the coal swamps were farther inland on the alluvial plain in a slight topo-
graphic basin that was formed by relativeiy greater subsidence of the an-
cestral Kaiparowits structural basin. The paleogeography of the region as
inferred from the distribution of facies and their-relation to contemporan-

eous structures is shown in figures 41, 42, and 43.
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FIGURE 41.--Hypothetical paleozeography of the southeastern Kaiparowits
region during deposition of ccal bed No. 1 in the middle member of
the Dakota Formation.
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FIGURE 42.--Hypothetical paleogeography of the southeastern Kaiparowits
.region during deposition of the middle part of the middle member of
the Dakota Formation.
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The upper member of the Dakota Formation and the lower part of the Tropic
Shale mainly include strata of the lagoonal, barrier sandstone, and offshore
marine facies (fig. 36). These beds were deposited in brackish to marine
waters during late middle and late Cenomanian time, and they record progres-
sive submergence during a phase of marine transgression in which waters of
the Western Interior seaway gradually inundated the region. The detrital
materials in these beds probably came from the same general rock types and
source regions as those in the middle member of the Dakota Formation, that
is, from nearby Jurassic and Triassic sedimentary rocks and from Paleozoic
strata in the Cordillera.

The oldest strata overlying the middle member of the Dakota consist of
brackish-water sandstone and mudstone beds and thin coquinoid marlstone

lenses in the faunal zone of Dunveganoceras pondi (figs. 7, 36). Sandstone

beds in the southwestern part of the region extend into the region about as
far as Nipple Bench anticline, suggesting that slight relative uplift on

this fold prevented the sands from being distributed farther northeast. A
thin sandstone bed about 0-8 feet thick that is present in the northeastern
part of the region has a sinuous southeast trend and lies mainliy on or near

the crest of rhe ancestral Rees Canyon anticline, Relatively slover subsid-

e

ence cn this fold evidently resulted in a shallow area where sheoaling occurred
and shaliow-water currents winnowed out the finer particles.

The presence of a low land area northeast of the region is suggested by
northeastward thinning in the underlying middle member of the Dakota Forma-
tion and in the overlying thick sandstone bed which is in the next younger

zone of Dunveganoceras conditum. The source of the sand in the northeastern

part of the region is unknown, but it probably came from land areas farther
northwest or north., Mudstone and shale beds with coquinoid marlstone lenses
of abundant oyster shells that probably were originally formed as oyster
reefs occur in the middle of the region and suggest relatively greater dis-
tances from land than the sandstone beds farther southwest and northeast.
They also indicate that the middle of the region was probably the middle of
a shallow brackish-water embayment that connected southeastward with open
marine waters of the Western Interior seaway. Downwarbing of the ancestral
Kaiparowits structural basin is indicated by the coincidence of the embay-

ment with the present structural basin and lateral gradation into shallower
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water deposits on the flanks of the basin. The hypothesized distribution
of environments during deposition of these beds is shown in figure 44, and
the growing structures are shown in figure 40.

Most of the region was covered by normal salinity marine waters during

deposition of the zone of Dunveganoceras conditum (fig. 36). In the south-

western part of the region, some of the beds on the northeast flank of Cedar
Mountain anticline contain sandstone, mudstone, carbonaceous mudstone, or
thin coal, indicating that deposition probably occurred in shallow nearshore
waters or paludal conditions on the southwestern flank of the ancestral
Kaiparowits structural basin. Strata in about the middle of the basin from
Cedar Mountain anticline to Rees Canyon anticline consist mainly of marine
mudstone and shale that indicate relatively greater distances offshore and
also suggest that this was the lower part of the structural basin.

A moderately thick sandstone bed containing Metoicoceras defordi and

abundant Exogyra levis extends from the ancestral Rees Caayon anticlinc to

the flank of the Circle Cliffs uplift. Northeastward thinning of this bed
toward the flank of the present structural basin suggests that relacively
slower subsidence in this area and especially in the Circle Cliffs region
farther north formed depositional high areas on the sea floor where shoal-
ing occurred. This bed correlates with the upper sandstone member of the
Dakota Sandstome in Black lesa basin of northeastern Arizona and the Twowells
Sandstone Member of the Dakota Sandstone in the southern San Juan Basin of '
northwestern New Mexico, indicating that the bed was probably deposited
over a large part of the southern Colorado Plateau Province (Repenning and
Page, 1956, p. 259-263; Marvin, 1967, p. 172; W. A. Cobban, oral commun.,
1968). The.hypothetical paleogeography of the regior during deposition of
these beds is shown in figure 45 and the growing structures are shown in
figure 40,

Subsidence continued and nearshore or offshore marine waters covered

the entire region during deposition of the zone of Dunveganoceras albertense.

The presence of a relatively thick sandstone bed on the flank of Cedar
Mountain anticline in the southwestern part of the region (figs. 7, 36) sug-
gests shoaling conditions and, therefore, that this fold subsided less
rapidly than the basin farther northeast. Several thin lenses of coquinoid

marlstone containing abundant oyster shells occur in the southernmost
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FIGURE 44 .--Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the lower part of the upper member of the
Dakota Formation (zone of Dunveganoceras pondi).
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exposures on the Arizona-Utah State line and indicate that shallow brz:kish-
water conditions were present on that side of the basin. An approxim:cely
correlative sandstone bed occurs in the northern part of the region az Left
Hand Collett Canyon, but exposures are too poor in this area to deter—ine
the general areal extent of the bed. The hypothesized distribution oI zn-

vironments during deposition of these beds is shown in figure 46, and 2 sum-

mary of the active structures is shown in figure 40,

The relations indicate that the upper member of the Dakota and tx=
lower part of the Tropic Shale were deposited during a period of mari=z=z
transgression., Waters of the Western Interior seaway first advanced =:crth-
westward into the region, foll&wing the lowest part of the ancestral ¥ :zip-
arowits structural basin and forming a shallow brackish-water embayme:z.

As regional subsidence continued, the land area to the northeast on t=z=
ancestral Circle Cliffs uplift was gradually inundated and the northe:z:czern
shoreline of the embayment probably shifted to a more northerly trenc. The
position and the configuration of the shoreiine in nearby regions are oa-

certain because the stratigraphic relations in the Dakota have not bezz

adequately studied in adjacent parts of the Colorado Plateau Province.

Early and Middle Turonian Time

The lowsr part of the Tropic Shale, described in preceding paragr:zphs,
was deposited in Cenomanian time when the Western Interior seaway slcwv.v ad-
vanced across the region. The remzinder of the Tropic was deposited iz early
and middle Turonian time (table 3) when the seaway had reached its grs:ztest
extent and then began a long intermittent process of retreating from t:ze
region. The formation consists mainly of an offshore marine facies, z=Zthough

the thin zone of Sciponoceras gracile represents a transition into ths dis=-

tant marine facies.

Analyses of lithologies in the formation indicate that it consiscs of
a fairly broad mineral assemblage that includes mainly quartz, calcit=z,
dolomite, kaolinite, illite, montmorillonite, and mixed-layer illite-zcatmor-
illonite. Most of the calcite, especially that in the middle of the f:rma-
tion, is probably of biogenic origin. The dolomite.and a small amoun:z of

the calcite probably came from carbonate rocks in the Cordillera becausze
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FIGURE 46.--Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the upper part of the upper member of the
Dakota Formation (zone of Dunveganoceras albertense).
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these minerals are found as detrital constituents in sandstone beds or allu-
vial plain strata in other formations in the region. The variety of clay
minerals probably reflects the variety of lithologies from which they were
obtained, as well as additions of bentonitic materials which were the product
of explosive volcanism, probably in the Cordillera to the west. Contrary to
the interpretation of Lawrence (1965, p. 89), a slightly acidic environment
need not be postulated to account for the kaolinite. The amount of this
mineral is not excessive (8 percent average), and it probably indicates
nothing more than the presence of kaolinitic rocks in the regions from which
any of the other detrital materials originated.

By about the beginning of Turonian time and deposition of the zone of

Sciponoceras gracile, the seaway had reached its greatest extent and the

shoreline had moved about 70 miles west to the vicinity of Cedar City, Utah
(Lawrence, 1965, fig. 4). The shoreline was probably about the same distance
southwest of the Kaiparowits region, but Cretaceous strata are no longer
present farther southwest and the exact position cannot now be determined.
The abundant and varied benthonic, nektonic, and planktonic fossil assem-
blage in the calcareous shales and limestone concretions of this zone indi-
cates deposition in normal marine waters of moderate depths that are
comparable to deptiis over modern continental shelves. Regional subsidence
] ;probably continued during deposition of these beds, and movament on the
"“;ancestral Smoky Mountain anticline and other folds farther southwest is
suggested by general thinning of the Tropic Shale over the anticlires (fig.
13).

The zone of Incceramus labiatus apparently marks the beginning of the /
i

regressive phase in the transgressive-regressive cycle represented by the
Tropic Shale. Calcareous mud was deposited during that time, and the abun-
dant and varied fossil fauna indicates deposition in normal marine waters.
General subsidence continued, and contemporaneous movement on the ancestral
Smoky Mountain anticline and other folds farther southwest is suggested by
local slump structures and general thinning of the Tropic Shale over the
anticlines (fig. 13). .

Thin beds of bentonite are common near the base of this zone and in the

underlying zone of Sciponoceras gracile. Inasmuch as the beds represent

explosive volcanism in the Cordillera, their presence at the time of maximum
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advance of the seas suggests that they marked the beginning of tectonic

activity and uplift in the Cordillera that resulted in an increased supply

of sediment to the Kaiparowits region and the general regression of the sea.
Regression continued during middle Turonian time and deposition of the

zone of Collignoniceras woollgari in the upper part of the Tropic Shale.

The lower beds in this zone consist of shale and commonly contain C. woollgari
as well as other molluscs and fish remains that indicate deposition in nor-
mal marine waters. The upper beds of the zone contain mudstone, siltstone,
and very fine grained sandstone and indicate deposition nearer the shoreline
than the underlying beds. The relatively large amount of silt suggests
moderately turbid waters, which probably accounts for the scarce and diminu-
tive fossils in these beds. Pyrite is present inside some of the fossils

but in quantities no greater than in fossils in the zone of Sciponoceras

gracile, and a widespread reducing environment with restricted circulation
is not necessarily indicated (Lawrence, 1965, p. 89). Regional subsidence
continued during deposition of the zone, and contemporaneous movement on
the ancestral Smeky Mountain anticline and other folds farther southwest is
suggested by local slump structures (fig. 47) and general thinning of the
Yropic Shale over the anticlines (fig. 13).

Strata in the zone of Collignoniceras hyatti include severcl facies

that are the rscord of contemporaneous deposition in different enviromments
in different areas. Progressing from southwest to northeast, the sequence
generally includes the alluvial plain and lagoonal-paludal facies in the
Smoky Hollcw Member of the Straight Cliffs Formation, the barrier sandstone
facies in the Tibbet Canyon Member of the same formation, and the ofishore
marine facies in the uppermost beds of the Tropic Shale., 1In several places,
the lagoonal and paludal strata are not present, and alluvial plain strata
grade directly into the barrier sandstone beds of the Tibbet Canyon Member.
The various facies were deposited during a regressive phase in which the
shoreline retreated northeastward across the region. The relations of the
different facies and stratigraphic units are shown diagrammatically in
figure 37, which illustrates that by that time the shoreline trended north-
westward.

The offshore marine facies consists mainly of mudstone, siltstone, and

very fine grained sandstone that contains scarce small fossils. Like the
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‘'underlying beds in the upper part of the zone of Collignoniceras woollgar:.

these beds were probably deposited in waters that were moderately turbid.
Sandstone strata in the barrier sandstone facies were deposited in nearshc:ce
marine, beach, and lagoonal environments on or near barrier sand islands z:
the edge of the seaway. The coal zone at the base of the Smoky Hollow Mez:ar
was deposited in lagoonal and paludal environments in coastal lowland arezs
that were landward from the barrier islands, and strata in the barren zons of
the same member were deposited mainly in braided-stream and overbanmk flooc-
plain conditions on an alluvial plain that was southwest of the coastal
lagoons and swamps. Streams coming from highlands in the Cordillera fart-zr
southwest usually emptied into the landward side of the lagoonal and palud:z1l
areas, but at times the streams cut across the coastal lowlands and emptiz:
directly into the seaway, and at other times the coastal lowlands were fill_=ad
with sediment and the alluvial plain extended directly to the shoreline.
Palynomorphs were not obtained from samples of these beds, but the general
ecological conditions were probably similar to the wet or swampy subtropic:zl
to tropical coanditions that prevailed during deposition of the Dakota Forz:z-
tion and the John Henry Member of the Straight Cliffs Formation. The diszzi-
bution of environments and the intermittent northeastward retreat of the
shoreline is shown diagrammatically in figures 48, 49, and 50.

Crossbedding studies indicate that streams flowed into the region fr:=
the southwest (fig. 51), and stratigraphic relationships shown on plate 17
and in figure 37 indicate that the streams sometimes discharged directly Z::o
the sea. Crossbedding in the Tibbet Canyon Member (fig. 51) indicates thaz:
sediment brought to the sea by streams was redistributed by nearshore cur:z:zats
that had a net eastward or southeastward movement. The lack of a threefc.:
vertical distribution of bedding types that is common in the barrier sand-
stone facies of the John Henry Member of the Straight Cliffs was probably
the result of the complex interaction of fluvial and nearshore currents. Tad
quartzite pebbles are scarce in the Tibbet Canyon Member, but because the: do
not occur in the alluvial plain facies of the Smoky Hollow Member, they pzaob-

ably were transported into the region from the northwest by nearshore curr:znts,
as occurred during deposition of the overlying John Henry Member. Undoubz:zd-
ly, the nearshore curreats carried significant quantities of sand into ths=
region, but at present, there is no way of estimatiﬁg the relative percen:zges
carried in by nearshore currents from the northwest and by streams from t:=
southwest.
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FIGURE 48.-~Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the coal bed in the lower part of the coal
zone in the Smoky Hollow Member of the Straight Cliffs Formation,
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zoue in the Smoky Hollow Member of the Straight Cliffs Formation.
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FIGURE 50.--Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the upper part of the coal zore in the
Smoky Rollow Member of the Straight Cliffs Formation.
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The relative abundance of feldspar in sandstones in the alluvial plain

and barrier sandstone facies suggests that continued uplift and erosio=x

\\/-J _)

resulted in exposure of feldspathic igneous and (or) metamorphic baseme=nt
rocks in the Cordillera. Very fine to fine quartz pebbles suggest a sizilar
origin. Chert pebbles containing late Paleozoic fossils indicate that zocks
of that age in the Cordillera also were a source of detritus to the Kaijaro-
wits region. Although the amount of clastic carbonate minerals is small in
rocks of the alluvial plain facies (1l percent), it is in agreement with the
hypothesis that the chert pebbles came from Paleozoic limestones and dclo-
mites. The bentonitic materials in the alluvial plain mudstones probatly
came from ash falls outside the report area that weie subsequently rewcrxed
and transported by streams. On the basis of the abundance of feldspar, the
abundance of coarse angular quartz grains, the absence of well-rounded cuartz
grains that would have been derived from eolian sandstones, and the prczres-
sively greater burial of the region as indicated by the greater thicknzss of
Cretaceous rccks at that time compared to thicknesses at the time of decosi-

tion of the Dakota Formation, it is thought that rocks of Jurassic and

——

Triassic age had ceased to be a significant source of detritus by the :zizme

of deposition of the zone of Collignoniceras hyatti.

Contemperaneous tectonism in the region is indicated by slump stru:zcures

and the thickness and distribution of beds. Movement on the ancestral Szoky

Mountain anticline and other folds farther southwest is indicated by vzria-
tions in thickness of the Tibbet Canyon Member (fig. 13) and by coal tzis
that are restricted to the synclines (pl. 17). Figure 13 also shows tnick-

ness variations in the Tropic Shale that are in agreement with the hypc:thesis
that these folds were actively growing during deposition of that formazion,
but the amount of growth that occurred during deposition of each of the
zonal subdivisions could not be determined. Possible movement on the zxces-
tral Rees Canyon anticline is suggested by structures on the southwest side
of Rees Canyon anticline in Last Chance Creek canyon that indicate south-
westward slumping. A summary of the structures that were active at this
time is shown in figure 52. Comparison with figure 40 indicates that scne
of the fold axes shifted slightly after Cenomanian time.

The conglomeratic sandstone of the Calico bed at the top of the S=oky

Hollow Member is typical of subdivision A of the alluvial plain facies,
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time interval but could not be detected in rocks of early and middle
Turonian age. :
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and 1t 1lndlcates a time orf relatlvely rapid deposition Dy Draiced scireams
that migrated laterally over a broad area. The bed was depositzd during or
possibly just after the culmination of a phase of steadily incrsz2sing tecton-
ic activity and uplift in the Cordillera that began during deposition of the

zone of Sciponoceras gracile. This is indicated by the general upward in-

crease in size of detrital materials, shown best on plate 12 (mzas. sec. S22),
and by the increasing rate of regression of the shoreline which remained in
southwestern Utah during early Turonian time (Lawrence, 1965, p. 81) and
then moved relatively rapidly into east-central Utah during midZle Turonian
time (fig. 39). L

The distribution.of facies and the variations in thicknessss of units
described in the preceding paragraphs demonstrate that tectonic =—ovements
during early and middle Turonian time were slight but, neverthelesss, of
sufficient magnitude and extent to have influenced the type and Zistribution
of sediments. Subsidence continued from Cenomanian time, and growth contin-
ued on most of the folds. Evidence of movement on the ancestral Rees Canyon
anticline is poor, and movemént on this fold might not have occurred. There
is no indication of movement on the older faults, and there is ro indication

that basin downwarping occurred.

Late Turonian to Middle Coniacian Time

Little is known about conditions in the region during late Tureonian to
middle Coniacian time because rocks of this age are not present (table 3).
Approximately 350-600 feet of interfingering marine and nonmarize strata of
late Turonian age are present in the San Juan Basin of northweszzrn New
Mexico (Dane, 1960), and similar thicknesses of marine and nonmzrine rocks
may have been deposited in the Kaiparowits region.

Regional erosion had removed the upper part of the Smoky Hollow Member
by the end of middle Coniacian time, and the unconformity that row separates
thq Smoky Hollow from the overlying John Henry Member of the Straight Cliffs
Formation was formed. Regional subsidence during at least the lzter part of
this time is indicated by shallow marine and beach strata in th; lower part
of the John Henry Member. Basin downwarping is indicated by ercsional thin-

ning of the Smoky Hollow Member in the southwestern and northeascern parts
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of the region (figs. 13, 37, 53) and By northwestward thickening of the
Smoky Hollow to 231 feet near Tropic, Utah (units 2-9 above the base of a
section in Robison, 1966, p. 23, and tentatively assigned by the writer to
the Smoky Hollow Member), and northward thickening of the Smoky Hollow to
331 feet about 9 miles northwest of Escalante, Utah (E. V. Stephens, oral
commun., 1967). Movement on the ancestral folds by about the end of middle
Coniacian time is suggested by the southwest pinch-out onto the ancestral.
Smoky Mountain and Rees Canyon anticlines by the A sandstone bed and the
lower marine mudstone tongue, respectively, of the John Henry Member and by
the distribution of coal at or near the base of this member (pl. 18).

The general processes that formed the unconformity are not understood.
The widespread erosion surface suggests regional uplift, but this is incon-
sistent with regional subsidence that otherwise continued without a break
from middle Albian to about late Campanian time, and subsidence must have /
occurred during at least the later part of the time interval represented by
the unconformity because shallow marine and beach strata lie on the uncon-
formable surface. The available evidence is inconclusive, however, and the
unconformity could have been the result of regional uplift, eustatic lowver-
ing of sea level, and (or) abrupt cessation of tectonism in the Cordiilera,
Hunt, Averitt, and Miller (1953, p. 83) found the unconformity in the Henry
Mountains (fig. 39) but they did not attach much significance to it. W. A.
Cobban (oral commun., 1969) found several unconformities in rocks of middle
Turonian to early Coniacian age in the Western Interior. Thus, tectonism
and sedimentation at this time may have been considerably more ccmplex in

the Kaiparowits region than is suggested by the preceding paragraphs.

'Late Coniacian to Earliest Campanian Time

The John Henry Member of the Straight Cliffs Formation was deposited
in marine and nonmarine environments along the southwest side of the Western
Interior seaway during late Coniacian, Santonian, and earliest Campanian
time (table 3). During most_of this time interval, the rates of sedimen-
tation and subsidence were nearly balanced and the shoreline generally re-
mained in the northeastern part of the region. On a small scale, two cycles

of transgression and regression are defined by the landward, or
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southwestward, pinch-out of the two marine mudstone zongues in the member
(fig. 38), and several subcycles of transgression aad regression are appar-
ent when the strata are examined in detail. As show= in figure 38, the
member grades from southwest to northeast through the following somewhat
generalized sequence of depositional facies: alluvizl plain-subdivision B,
deltaic plain, lagoonal-paludal, barrier sandstone, =z=nd offshore marine.
Northeastward-dipping crossbedding and reductioz in size and quantity
of pebbles in the fluvial beds of the alluvial plain znd deltaic plain
facies indicate that streams originating in the Cordillera generally flowed
into the region from the southwest, whereas crossbedding in the barrier
sandstone facies indicates southeastward-moving shorsline currents (figs.
54, 55). That the streams generally discharged into zhe lagoonal and paludal
lowland areas southwest of the shoreline instead of cdirectly into the sea=-
way is indicated by the abundance of lagoonal and paludal strata southwest
of the barrier sandstone facies (fig. 38; pls. 18, 1¢, 20) and by the sig-
ificant differences‘of size, composition, and relative percentages of
pebbles in the barrier sandstone facies and in the alluvial plain facies.
Thus, the evidence indicates that a large part of the naterials in the
barrier sandstone and offshore marine facies was carried into the region

1

from the northwest by shoreline currents. The strong influence of swash,
longshore, and coastal currents was also responsible Zor the threefold
‘separation of bedding types in the barrier sandstones previOusly(described.
The relative abundance 6f feldspar in sandstones of the alluvial plain
facies suggests an origin in feldspathic ignecous and - or) metamorphic rocks
in the southwestern source area in the Cordillera. Scattered very fine to
fine pebbles of quartz also suggest a similar origin. Fossils in the chert
pebbles are of late Paleozoic age and indicate that rccks of that age were
also present in the source area. Detrital grains of coclomite and calcite
are common in the sandstones and probably came from Fzleczoic dolomite and
limestone beds including those that contained the chart pebbles. The benton-
itic materials in the alluvial plain mudstones sugges: ash falls outside
the report area that were subsequently reworked and transported- by streams.
The nature of rocks in the northwestern source azza is uncertain be-
cause the pebbles in the marine beds of the John Henrw Member could have

come from Cretaceous conglomerates or from Paleozoic 2ad older formations.

185

~



rLocaﬁan: | Location:
measured N measured N
section S24 section S5
8-
6 6
4 - 44
55 58
C.F=0.37 \ C.F=0.38 \
A sandstone bed C sondstone bed
Location: Location:
measured N NE /4 section 30, N
section S5 ’ T39S,R.5E.
8 - 124
€ - 8+
4 4-]
57 94
~
C.F=0.57 \ C.F=0.32
D sandstone bed G sondstone bed

FIGURE 54.-~Rose diagrams showing cross-stratification azimuths for key sand-
stone beds in John Henry Member of Straight Cliffs Formation. Number of
measurements in center; resultant shown by arrow; C.F. = consistency factor.
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The chert pebbles contain late Paleozoic fossils which indicate an crtiginal
source in rocks of that age, and detrital dolomite grains suggest a source
in Paleozoic carbonate rocks. As previously noted, the quartzite petsbles
may have come from Precambrian formatiomns.

Contemporaneous structural deformation in the region is shown -7 the
thickness and distribution of lithologies in the member. Regional s:bsidence
is indicated by the presence of shallow marine and beach deposits iz the
barrier sandstone bedé, and northeastward tilting is suggested by nc-theast-
ward thickening of the John Henry Member and correlative rocks in tzz Henry
Mountains region (fig. 39). Downwarping of the region as a structurzl basin
is indicated by the basinward increase in thickness and number of cz:zi beds
in the lower, Christensen, and Rees coal zones (pls. 18, 19, 20) an< by the
predominance of lagoonal and paludal strata in the middle of the bzz:in
(fig. 38). The northeastern flank of the basin was the ancestral Rz:zs Canyon
anticline or possibly the ancestral Circle CLiffs uplift, but the dzza are

inadequate to determine whether the Circle Cliffs region was structurzlly

.*active at that time.’
e
LA .

£

Relatively slower subsidence of anticlines in the ancestral Kaizzrowits
structural basin is clearly shown by thinning of the John Henry Mex:>:zx over
these structures (pl. 21) and by thinning or pinching out of coal sz:izs and
coal beds in the lower, Christensen, Rees, and Alvey coal zones over :the
ancestral Cedar Mountain, Nipple Bench, Smoky Mountain, and Rees Cazion
anticlines {(fig. 38; pls. 18, 19, 20). All the barrier sandstone bezs pinch
out on or near the crests of the ancestral Smoky Mountain or Rees Cza-yon
anticlines and indicate that relatively slow subsidence on these fol:Zs formed
slight depositional highs that prevented the sea from migrating fart:zr
inland. Uplift in relation to sea level probably did not occur on t:izse
anticlines because local unconformities have not been found on the crasts

of these folds. Relatively slower subsidence on the anticlines diviZed the
ancestral Kaiparowits structural basin into several subbasins, and tr2
anticlines acted as sediment barriers that allowed coal swamps to th-ive in
the subbasins when fluvial sedimentation was not excessive. Movemen: on
several faults during deposition of the lower coal zone is shown on clate 18.

Slump structures, such as shown in figure 56, are locally common in z:e

lower coal zone and probably werc formed by tremors caused by contemgzoraneous
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movement on the various structures in the region. A summary of the struc-
tures that were active at that time is shown in figures 57 and 58,

The relations described above give a fairly accurate(picture of the
paleogeography of the region during deposition of the John Henry Member.
Figure 539 illustrates the broad distribution of environments in the south-
&estern part of the GColorado Plateau region and adjacent parts of the Cor-
dillera during deposition of the member. The source of most of the sediment
that was carried into the Kaiparowits region was in the Sevier Highlands to
the west (Harris, 1959; Armstrong, 1968) and in the Mogollon Highlands to
the south (Harshbarger and others, 1957, p. 44). The shoreline of the
Western Interior seaway remained in the northeastern part of the Kaiparo-
wits region during all but the latest part of that time, when it migrated
an unknown but presumably short distance farther northeast,

The paleocecological conditions during deposition of the nonmarine part
of the member are inferred mainly from the palynomorphs which suggest depo-
sition in a wet or swampy subtropical lowland site at some distance from
highlands (R. H. Tschudy, written commun., 1968). Evaluation of the distri-
bution of planktonic foraminifers in approximately time equivalent strata
in the Western Interior led Kent (1968, p. 2110) to conclusions that sug-
gest that the marine part of the member was deposited in tropical or sub-
tropical seas.

Two cycles of transgression and regression are recorded in the member.
The first cycle occurred during about middle Comiacian to middle Santonian
time when the shoreline advanced southwest to the ancestral Smoky riountain
anticline and then retreated northeast to the general area of the ancestral
Rees Canyon anticline and Croton syncline (fig. 60). During middle Santon-
ian time, relatively rapid rates of sedimentation by longshore and coastal
currents approximately balanced the rate of regional subsidence, and the
shoreline remained in the ancestral Croton syncline (fig. 61). At the same
time, the rate of sedimentation by streams was comparatively low, and a
broad area of swamps and lagoons was formed in coastal lowlands behind the
shoreline. '

The second transgressive-regressive cycle lasted from about middle
Santonian to earliest Campanian time when the shoreline advanced south-

westward onto the crest of the ancestral Rees Canyon anticline (figs. 62, 63)
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FIGURE 57.--Ancestral structures that were activated during late Coniacian
time (during deposition of the lower coal zone in the John Henry Member
of the straight Cliffs Formation).
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FIGURE 60.--Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the upper part of the lower coal zone and
the A sandstone bed in the John Henry Member of the Straight Cliffs
Formation,
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FIGURE 61.,--dypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the Christensen coal zone and B sandstone
bed in the John Henry Member of the Straight Cliffs Formation.
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FIGURE 62.--lypcthetical paleogeography of the southeastern Kaiparowits
region during deposition of the middle barren zone and C sandstone bed
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region during deposition of the Rees coal zone and F sandstone bed in
the John Henry Member of the Straight Cliffs Formation.
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and then retreated northeastward out of the region (fig. 64). Figure 62 [
also illustrates the hypothesis that the coastal swamps and lagoons were
present in the deeper part of the structural basin during deposition of the
barren zones.

Sediment transport by shoreline currents generally has not been con-
sidered significant, judging from the literature on Cretaceous rocks in the
Western Interior. The abundance of coal in the middle of the region indi-
cates low rates of influx of detrital sediment and suggests that strata in
the John Henry Member would have been deposited during a single transgressive-
regressive cycle if shoreline sediment transportation had been imsignificant.
In this case, the shoreline probably would have reached a maximum southwest-
ward extent during about middle Santonian time, which is almost the opposite
of what actually occurred. This indicates that shoreline currents in the
geologic past may have had considerable influence on the movement of sedi-
ment, the formation of barrier islands, and the timing of transgressive-

regressive cycles,

Campanian Time

Strata of this age include the upper part of the John Henry Member,
which was discussed in thc preceding section, the Drip Tank lewber of tha
Straight Cliffs Formation, the Wahweap and Kaiparowits Formations, and the
unnamed unit of mudstone and conglomerate at the top of the Cretaceous sec-
tion in the northwestern Kaiparowits region.

Throughout most of the region the Drip Tank Member consists of conglom-~
eratic sandstone that is typical of subdivision A of the alluvial plain
facies. That at least part of the member grades northeastward into near-
shore marine beds of the barrier sandstone facies is suggested by well-
sorted light-gray sandstone beds in Croton syncline that contain
southeastward-dipping crossbedding (fig. 65) and by shark teeth that were
found in the northern Kaiparowits region by E. V. Stephens (oral commun.,
1967) . Northeastward-dipping crossbedding (fig. 65) and reduction in size
and quantity of pebbles in the alluvial plain facies indicate a sediment
source in the Cordillera to the southwest. Moderate quantities of feldspar

and dolomite grains and quartz and fossiliferous chert pebbles suggest
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FIGURE 64.--Hypothetical paleogeography of the southeastern Kaiparowits
region during deposition of the lower part of the Alvey coal zone in
the John Henry Member of the Straight Ciliffs Formationm.
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Paleozoic carbonates and igneous and (or) metamorphic rocks of unknown age
in the source region. The southeastward-dipping crossbedding in some of

the beds in the northeastern part of the region suggests another source areza
to the northwest that probably was similar to the northwesterly source area
of the barrier sandstone deposits in the John Henry Member.

Continued regional subsidence is suggested by the presence of nearshors
marine beds in the northeastern part of the region, and relatively slower
subsidence on the ancestral Rees Canyon anticline is suggested because the
marine beds do not extend southwest of this fold (figs. 66, 67). Basin
downwarping is suggested by northwestward thickening of the member to 523
feet near Tropic, Utah (highest unit of secticn in Robison, 1966, p. 21, aand
tentatively assigned by the writer to the Drip Tank Member), although some
of this thickening may be due to interfingering with the John Henry iember
and the Wahweap Formation. Movement on other structures may have occurred
but could not be determined. The wide extent and relatively coarse composi=-
tion of materials in the member suggest that deposition was rapid and essern=-
tially completed before significant structural changes could have occurred.

The Drip Tank Member was deposited during {or pessibly justc after) ths
culmination of a phase of steadily increasing tectonic activity and upliit
in the southwestern source area that began during deposition of the Christen-
sen coal zone in the John Henry Member. This is indicated by the general
upward increase in coarseness of materials (shown best on pl. 12, meas.
secs., S3 and S522) and by the increasing rate of regression ¢f the shoreline
which remained in the northeastern part of the region during middle and
late Santonian time and then moved rapidly into east-central Utah during
earliest Campanian time (fig. 39). As noted before, if local uplift in the
northwestern source area had not occurred, the shoreline probably would have
been farther southwest during depositior of the Christensen coal zone, and
the steadily increasing rate of regression of the shoreline would have been
more apparent.

The Wahweap Formation consists mainly of strata that were deposited in
alluvial plain environments during early and middle Campanian time (figs.

8, 9). Most of the formation was deposited in braided-stream channels ot
in overbank flood-plain areas, although the lower part of the formation

locally contains large quantities of mudstone and scarce large=-scale

201




R2E. , R3E ; R4E | R S5E | R 6E | R.7E | R. 8E.
. X

Kaiparowits \\\\
basin

.. T 39S | T 388S.

T. 40 S.

1

T 42 S. | 7. 4158,
-3

!

T 435

1

.  FIGURE 66,--Ancestral structures that probably were activated during early
and middle Campanian time (during deposition of the Drip Tank Member of
the Straight Cliffs Formation and the Wahweap Formation). Basin dowm-
warping may have occurred during deposition of the Drip Tank Member.
Movement of other structures may have occurred but could not be determined,
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crosshedded units that suggest local.deposition in lacustrine and lacustrine-
delta environments. The thick and widespread upper sandstone unit is typical
of subdivision A of the alluvial plaiﬁ facies and was deposited mainly by
braided streams.

Crosshedding studies suggest that the streams that deposited the Wahweap
flowed generally northeastward, but the results are so varied that the
streams could have come from highlands to the northwest, west, and southwest
(fig. 65). The rocks are similar in composition to those in the alluvial
plain facies of the John Henry Member of the Straight Cliffs, and they like-
wise suggest a source in Paleozoic carbonates, igneous and (or) metamorphic
rocks of unknown age, and reworked volcanic ash deposits. Red chert granules
and small pebbles are rare but their presence suggests additions from a
different source to the west or from newly exposed rocks in the southwestern
source region.

Little is known about the structural history of the region during depo~
sition of the Wahweap Foémation. Regional subsidence is suggested by cor-
relation with the Masuk Member of the Mancos Shale (fig. 39). The Masuk is
partly marine in origin and was deposited when the shoreline migrated back
,and forth across the present Henry Mountains region (Hunt and others, 1953,
p. 85), indicating that the Wahweap Formation was deposited from 25 to 50 or
more miles inland from the seaway. Although the altitude of the land sur-
face during deposition of the Wahweap cannot be determined, the land surface
of a comparable modern region 50 miles inland in the Houston-Port Arthur,
Tex., area is generally less than 300 feet above sea level. This comparison
suggests that the Wahweap was deposited fairly near sea level, and the con-
siderably greater thickness of the formation suggests that regional subsid-
ence approximately equaled sedimentation. Basin downwarping may have
occurred during deposition of the Wahweap but could not be determined.
Likewise, movement on most of the individual folds and faults could not
be determined, although northeastward thinning of the part of the formation
that lies beneath the upper sandstone unit suggests that the ancestral Rees
Canyon anticline subsided slower than the adjacent areas (figs. 20, 66).

Local and regional evidence indicates that the upper sandstone unit
of the Wahweap Formation was deposited during or possibly just after the

culmination of a phase of steadily increasing tectonic activity and uplift
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in the Cordillera that began approximately during deposition of the lowe=x
part of the formation. This is indicated by the general upward increasz in
the amount of sandstone in the formation (fig. 20) and by the increasing
rate of regression of the shoreline which remained generally in the presznt
Henry Mountains region during deposition of approximately the lower half of
the Wahweap and then moved rapidly northeastward and reached northeaster—
Utah during deposition of the upper sandstone unit (fig: 39). The upperx
sandstone unit of the Wahweap is similar to the Drip Tank Member of the
Sﬁraight Cliffs Formation and the Calico bed at the top of the Smoky Hol_ow
Member of the Straight Cliffs in that each of these units was deposited =zt
the end of a phase of steadily increasing tectonic activity in the Cordillera,

The Kaiparowits Formation was deposited in nonmarine conditions duriag
middle to late Campanian time. Robison (1966, p. 28) and Lohrengel (19:<:;
indicate that the formation was deposited in fluvial and possibly delta:i:
conditions and that the sediments probably came from the west.

Little is known about the structural history of the region during czpo-
sition of the Kaiparowits Formation because there is little published imZor-
mation on it and the formation was not studied for this report. The nezrast
correlative marine formations are in northwestern New Mexico and southwesszern
Colorado (Cobban and Reeside, 1952; Dickimscon, 1963), and the relations i-di-
cate that the shoreline was approximately 100-200 miles east of the Kairz-o-
wits region when the formation was deposited. Comparison with the uorthwsstern
Gulf Coastal region does not appear valid because of the relatively grez:
distances involved, but it seems unlikely that the alluvial coastal plaiz
on which the Kaiparowits was deposited cculd have been as much as about
2,750 feet above sea level (the maximum known thickness of the formation.,
and regional subsidence is, therefore, suggested. Local unconformities iz
the upper part and at the top of the formation occur on the monoclinal wszs
limb of the Upper Valley anticline in the northwestern part of the regic:z
(W. E., Bowers, oral commun., 1969), suggesting that monoclinal flexing c=
this fold began during late Campanian time, On the basis of similarity <3
structures, this suggests that movement on Echo and Grand Bench monoclinzs
began during late Campanian time. The formation was not examined in
sufficient detail to determine whether or not additional contemporaneous

structural deformation had occurred.
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The unnamed mudstone and conglomerate unit in the northwes zern Kaiparo-
wits region was deposited in continental environments during lzte Campanian
time (Bowers, 1968; oral commun., 1969). The thick conglomerazzs and red
beds indicate rapid deposition in well-drained and probably less vepgetated
environments than were present during deposition of earlier Crz:taceous
formations, or at least they indicate deposition in envirommencs that were
suitable for the preservation of oxidized sediments. The lithclogies are
similar to those generally considered typical of the piedmont Zzcies of
Spieker (1949).

The nature of structural movements in the region during dezosition of
these beds is uncertain because they have not been studied in <ztail. Depo-
sition at the beginning of a period of regional uplift is sugge:ted by the
red beds--one interpretation of which is that they were deposic:zd in well-
drained upland conditions which would accord well with regional uplift,

A local angular unconformity is present at the base of the unit on the
monoclinal west flank of the Upper Valley anticline in the nortiwestern

part of the region (W. E. Bowers, oral commun., 1969), and the conglomerate
beds generally are thicker in the adjacent syacline, suggesting cthat flexing
on the monoclinzs occurred before and during depesition of the uvmic. The
similarity of the structures suggests that movement on the other moroclines
in the region also occurred during deposition cf the mudstone azI conglom-
erate unit.

The amount and type of movement on other structural featurzs in the

region is unknown because of insufficient data.

Maestrichtian and Paleocene Time

Strata of Maestrichtian and Paleocene age are not known to Se present
in the Kaiparowits region. The oldest Tertiary unit in the regisn is the
Wasatch Formation, which is of Eocene age (Bowers, 1968) and could include
strata of Paleocene age (Schneider, 1967). The name Wasatch is crobably
incorrectly applied to these beds, but W. E. Bowers and H, D. Ze_.ler (oral
commun., 1969) suggest that it probably is best to avoid confusizn by using
Gregory and Moore's (1931) old terminology until more definitive studies

have been made. Other names that have been applied to these bec: include
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Claron Formation (Robison, 1966) and Cedar Breaks Formation (Schneider, 1967).
The Wasatch lies horizontally or nearly horizeontally, truncates the upwarped
older beds, and generally marks the end of most of the structural deformation
in the region.

Structural deformation in the northwestern part of the Kaiparowits region
is fairly well documented and is probably indicative of events that occurred
throughout the region. Regional uplift is suggested by the widespread ero-
sional unconformity at the base of the Wasatch Formation. Slight northeast-
ward regional tilting is suggested by the lack of beds of Maestrichtian age
in the Kaiparowits region and their presence in northeastern Utah, western
Colorado, and northwestern New Mexico (Cobban and Reeside, 1952). Beds of
this age were either deposited and subsequently eroded, or Maestrichtian
sediments never were deposited. Considering the general westerly or south-
westerly source of sediments in Maestrichtian formations farther east or
northeast, either possibility suggests slight regional tilting to the north-
east. Uparching of the flanks of the structural basin is indicated because
the Wasatch Formation truncates successively older formations progressing
away from the axis of the basin.

Growth on the monoclines ceased by about Eocene time, if it can be
assuned that the tectonic forces that formed them acted equally throughout the
region. Considering the rather well documented latest Cretaceous-early
Tertiary date of formation of the other datable major monoclines on the
Colorado Plateau (Kelley, 1955b, p. 797), this does not appear to be an un-
warranted assumption. Escalante monocline, several miles northeast of
Escalante, Utah, is the only monocline in the region that is still overlain by
the Wasatch Formation. Here, Jurassic formations apparently are truncated by
horizontal strata of the Wasatch Formation (W. E. Bowers, oral commun., 1969),
indicating that movement ceased by about Eocene time. Evidence discussed in
previous paragraphs suggests that growth of these flexures began during depo-
sition of the upper beds of the Kaiparowits Formation or prior to deposition
of the overlying unnamed unit of mudstone and conglomerate. On the assumption
that all the monoclines are genetically related, the relations indicate that
‘they were formed during latest Campanian, Maestrichtian, and Paleocene time.

Several other types of structural deformation probably occurred in the

region during this time. Maestrichtian and Paleocene movement on the
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Smoky Mountain and Rees Canyon anticlines is suggested because these folds
lie on the axial trends of the Johns Valley and Upper Valley anziclines,
respectively, in the northwestern Kaiparowits region, and both oI the latter
folds are involved in the Maestrichtian~Paleocene folding. Thers is no way
of correlating Nipple Bench anticline with structures in the nc-cthwestern
part of the region and, consequently, movement on this fold carzct be deter-
mined. Likewise, movement on the older faults cannot be determiIned. The
geometry and localized occurrence of normal faults on the upper. or anti-
clinal, bend of Echo monocline suggest that these fractures werz originally
formed as conjugate shears during or possibly shortly after the =zain period
of folding on this monocline., The remaining faults in the regica are undated;
presumably, movement occurred on them during this time interval o>r possibly
later,

Figure 68 shows the structural relations in the southeasterz Kaiparowits
region as they probably existed by the end of Paleocene time. T=zis is the
same structural picture as is present today, and it is based on :the hypoth-
esis that most of the tectonism ceased throughout the Kaiparowizs region by

the beginning of deposition of the Wasatch Formation.

Middle and Late Cenozoic Time

Inferences concerning the middle and later parts of Cenozoi:c history in
the southeastern Kaiparowits region rest on the conclusions of cthers who
have studied the overall character of the Colorado Plateau. Gerzral uplift
and northeastward tilting of the Colorado Plateau continued duri=g this
time (Hunt, 1956, p. 63-64), and the uplift is recorded in the Glen Canyon
region by several erosion surfaces that now are as much as about 7,500 feet
above sea level (about 4,300 ft above the Colorado River) and thzt date
back to Miocene, Pliocene, and Pleistocene time, according to Cczley (in
McKee and others, 1967, p. 23-24, table 1). Several stages of ncrmal fault-
ing occurred in northern Arizona and eastern Nevada during Oligocene, Mio-
cene, Pliocene, and Pleistocene time (McKee gnd others, 1967, tatle 1;
Armstrong, 1968), and it is likely that many of the preexisting Zaults in
the Kaiparowits region were reactivated and that some of the othar faults

may have been initiated during one or more of these stages.
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General

Laramide tectonism in the Kaiparowits region is clearly s:zparated into
two phases of deformation (fig. 69). The early phase was char:cterized by
regional subsidence and lasted from about late Albian to late Zzmpanian
time. The later phase was characterized by regional uplift acc monoclinal
folding and lasted from late Campanian to about late Paleocene time. Region-
al tilting, basin downwarping, and local folding and faulting cccurred during
both phases. The two phases of tectonism compare well with tz-tonic phases
that have been recorded in the Sevier orogenic belt to the wesz and the
central Arizona orogenic belt to the south.

The early phase of tectonism occurred during the later pa=-: of the
Sevier orogeny of Armstrong (1968), which included uplift and zhrusting in
eastern Nevada and western Utah (the Sevier orogenic belt) duri=zg Early
Cretaceous to late Campanian time. The Piman phase of the Larzmide orogeny
in southeastern Arizona (in the central Arizona orogenic belt) Zncluded a
period of thrusting that lasted from about middle Turonian to Zzte Campanian
time (90-72 million years ago; Drewes, 1968). The relations oI tectonic
events in the Cordillera and in the Kaiparowits region indicatz that the
Dakota, Tropic, Straight Cliffs, Wahweap, and Kaiparowits Form:z:tions were
deposited during a period of considerable tectonic activity, iz:luding
thrusting and uplift, in the Cordillera. Furthermore, the relz:zions of beds
beiow the Calico bed of the Smoky Hollow Member and above and tzlow the Drip
Tank Member and the upper sandstone unit of the Wahweap Formati:n indicate
that each of these units was deposited during or possibly just =zfter the
culmination of a period of steadily increasing tectomic activi:zy in the Cor-
dillera that was followed by a relatively faster (but not abruz:) decrease
in tectonism. Intermittent structural deformation in the Cordillera is
therefore indicated, but the changes in intensity were gradual znd the
periods of maximum thrusting and uplift probably were not abruz:ly separated
from periods of relative quiescence.

The later phase of tectonism in the Kaiparowits region ocg:rred during
the Laramide orogeny, as restricted by Armstrong (1968) to everzs that oc-
curred in the Sevier orogenic belt during late Campanian to abcut middle

Eocene time. The relations between the two regions indicate thkzt the
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unnamed mudstone and conglomerate unit was deposited at about the beginning
of a period of uplift of the southwestern part of the Colorado Plateau that
accompanied uplift of large crustal blocks on vertical or nearly vertical
faults, igneous intrusions, and folding in the Sevier orogenic belt. Tecton-
ic events in southeastern Arizona at this time include igneous intrusioms,

a phase of quiescence, and northwestward thrusting (Drewes, 1968) that do
not appear to be related to events in the southwestern part of the Colorado
Plateau.

The northwest-trending structures that were repeatedly reactivated from
about late Albian to Paleocene time were probably inhericed from earlier
northwest structural trends that were well established in the Colorado Plateau
by the end of the Permian-Pennsylvanian period of tectonism (Xelley, 1955a,
p. 74-80). These were probably guided by northwest-trending Precambrian
faults and joints such as those that occur in the Grand Canyon (Maxson,

1966, 1967). Several stages in the Late Cretaceous-early Tertiary structur-
al history of the Colorado Plateau have been noted by Kelley and Clinton
(1960, p. 97), who thought that the monoclines were formed before the north-
west-trending anticlines and synclines. This study indicates that the anti-
clines and synclines formed earlier in the Kaiparcowitsc region, and because
the northwest trends are such an integral part of the structure of the Colo-
rado Plateau (Relley, 1955a, p. 58-63), it would appear that this sequence

of events also may apply to the Colorado Plateau in general. This study also
indicates that downwarping of the Kaiparowits structural basin occurred at
least as far back as Cenomanian time. The basin does not appear to have
undergone an appreciably different structural history from any of the other
basins on the Colorado Plateau, and the evidence that the basins originated
during latest Cretaceous-early Tertiary time (Kelley, 1955a, p. 84) probably
should bhe reevaluated. {

An approximation of the amount of vertical movement that occurred in
the region from Cenomanian time to the present can be given for the No., 4
coal bed at the top of the middle member of the Dakota Formation, which
probably was deposited close to sea level. Calculations from the thickness
of overlying formations and the assumption that the upper part of the Kaip-

arowits Formation was deposited approximately 400 feet above sea level
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indicate that approximately 5,200 feet of subsidence occurred in Last Chance
syncline by late Campanian time at the end of deposition of the Kaiparowits
Formation. The No. 4 coal bed is now about 3,800 feet above sea level in
this area, indicating that approximately 9,000 feet of uplift occurred from
Maestrichtian time to the present., If a potential error of plus or minus
500 feet is considered for eustatic changes in sea level, the result is an
approximate figure of 8,500-9,500 feet of uplift since about the beginning
of Maestrichtian time. By similar reasoning, about 10,000-11,000 feet of up-
lift occurred on the northeastern flank of the basin since about the begin-
ning of Maestrichtizn time. These figures give an approximate range of
121-157 feet (37-48 meters) of uplift per million years (37-48 Bubnoff units:
Fischer, 1969), which demonstrates that apparently insignificant earth proc-

esses can be appreciable when extended over a long part of geologic time.
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ECONOMIC RESOQURCES
Coal

DAKOTA FORMATION )

Four coal beds are in the middle member of the Dakota Formatiom, but
the beds generally are too thin for commercial endeavors. The lower three
coal beds generally are less than 2 feet thick and are cut out by fluvial
channel sandstones in many places. Consequently, they are not significant
potential resources. Coal bed No. 4 lies above the fluvial channel sand-
stones and, therefore, is more continuous than the other beds, but differ-
ential compaction over some of the channel sandstones that lie a short
distance below caused some local thinning of this bed. Throughout most of
the region, coal bed No., 4 is too thin for commercial consideration, but
in several localities in the northeastern part of the region, the bed is
2-4 feet thick (pl. 16) and mining by augering methods is possible. The
stratigraphic relations indicate that basin downwarping occurred during
deposition of the middle member and that the coal probably thickens toward
the deepér part of the basin. However, a costly drilling program would be
necessary to evaluate the Dakota coal deeper in the basin, and this seems
unwarranted bécause of the thicker and more accessible coal deposits in the
Straight Cliffs Formation. Thicker coal beds in the Dakota occur west of
the Kaiparowits region in the Kanab and Kolob coal fields (Grose and others,
1967).

SMOKY HOLLOW MEMBER OF STRAIGHT CLIFFS FORMATION

Coal beds in the Smoky Hollow Member generally are too thin or contain
too many partings to be of economic value. The two seams that occur in
Wahweap and Warm Creek synclines, respectively, reach maximum thicknesses
.of about 3%-5 feet, which is about the minimum thickness that can be con-
sidered for mining. These beds are thickest and contain fewer péftings on
the northeast side of the syncline in which they occur. As shown on plate
17, the coal is locally cut out by fluvial channel sandstones, but the num-

ber of channels is considerably smaller than in the Dakota Formation and
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the channels do not appear to pose as great a problem. Coal beds northeast
of Smoky Mountain are less than about 2 feet thick and, therefore, are too

thin for commercial operations.

JOm{ HENRY MEMBER OF STRAIGHT CLIFFS FORMATION

The John Henry Member contains the thickest and most extensive coal
deposits in the region. The coal occurs in four coal zones that are separ=-
ated by barren or noncoal zones (fig. 16). The lower and middle barren
zones are thin on the northeast side of Last Chance syncline where it is
difficult to separate the lower, Christensen, and Rees coal zones., Because
the coal zones generally thicken northwestward into the depositiomnal basin,
it may prove impossible to separate these three coal zones in the subsurface
farther northwest.

The total-coal isopach maps and other stratigraphic relations described
in a previous chapter indicate that the coal beds thicken northwestward into
the Kaiparowits structural basin and also are thicker in the subbasins that
were formed in growing synclines. Because the northwest~trending folds in
the basin partly governed the distribution of the coal swamps, the coal beds

generally are more continucus in a northwassterly direction,

Lower coal zons

Coal beds in the lower part of the lower coal zone are thin (generally
less than 3 ft thick) aﬁd locally slumped (fig. 56) and, consequently, do
not offer much potential for profitable recovery. Total-coal isopachs,
shown on plate 18, indicate that the coal thickens northwestward into the
Kaiparowits basin, but because of the slumping, it is doubtful that thick
beds which might exist farther into the basin in the lower part of the zone
could be mined. The beds in the upper part of this zone above the A sand-
stone bed are thicker on the northeast side of Last Chance syncline where
several coal beds thicker than 4 feet are present and the thickest bed
found measured 12.6 feet. These beds are not slumped, and it is probable

that well-planned drilling would indicate that these beds could be exploited.
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Christensen coal zone

This coal zone contains the thickest and probably the most extensive
coal beds in the region. The zone generally includes one to four coal beds
that are 4 or more feet thick, and the thickest bed found measured 29.6 feet
(pl. 10, sec. S23). Total-coal isopachs (pl. 19) indicate that the coal
thickens northwestward into the Kaiparowits basin, and the distribution of
facies indicates that the most continuous seams occur in Warm Creek syncline
and especially in Last Chance and Croton synclines. The coal beds in Wah-
weap syncline are near the edge of the depositional basin where streams
emptied into the lagoonal and paludal areas, and these coal beds are prob-

ably cut out in many places by fluvial sandstones.

Rees coal zone

This zone contains several thick coal beds in Last Chance syuncline
where as many as three beds are 4 or more feet thick and tha thickest bed
found measured 9.5 feet. Total-coal isopachs shown on plate 20 indicarce
that the coal thickens northwestward into the Xaiparowits basin and that
thicker and more continuous seams probably occur undergrcund in that direc-
tion. The coal beds in the other synclines are too thin and tco lenticular

to constitute an economic resource.

Alvey coal zone

Most of this zone has been eroded from the region, but one coal bped
in a well-preserved section at the head of Trail Canyon (pl. 11, sec. S5)
measured 11.8 feet. Doelling (1967, p. 8, coal zones A and B) and Zeller
(1968a, b, c) found several seams that were more than 5 feet thick in this
zone near Escalante, Utah, and their.work indicates that coal also occurs
in the uppermost beds of the John Henry Member in that area. As far as

known, the Alvey coal zone does not occur southwest of Rees Canyon anticline
(fig. 38).

ANALYSES AND QUALITY .
Coal samples taken from outcrops give misleading results because of
weathering, and for this reason outcrop samples were not taken during the

investigation. The analyses shown in table 8 were from samples obtained
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from fresh or nearly fresh materials. The samples were analyzed by the
laboratories of the U.S. Bureau of Mines; other analyses of Kaiparowits
coals given in Robison (1964) were analyzed by commercial laboratories in
which the analytical procedures may have been somewhat different. Analyses
of samples taken from outcrops are given by Grose, Hileman, and Ward (1967,
p. 76-77), but the noticeable difference between their analyses and those
given in table 8 clearly demonstrate that outcrop samples are of little
value,

Only one reasonably representative sample was obtained from the Dakota
Formation. Sample H-91897 was taken from the abandoned C. H. Spencer mine
that is in a small tributary canyon to Warm Creek canyon. A fresh face
could not be worked in this mine because of the danger of cave-in, and the
sample was taken from a face that probably had not been worked for 55 or
more years. The sample, therefore, was somewhat weathered, but it is the
least altered sample of Dakota coal that thus far has been obtained from thsz
region. Accordingly, the heating value is probably rather low. The slight-
ly higher sulfur content relative to coals in the Straight Cliffs Formation
is consistent with the findings of Grose, Hileman, and Ward (1967, p. 60).

The other samples came from the Christensen coal zcne in the Straight
Cliffs Formation. Sample H-97252 was taken from the face of a prospect tha:
goes back only about 10 feet from the surface and evidently was not worked
for many years. Accordingly, the heating value is probably low. Sample
I-27711 came from a drill core that was analyzed about 6 months after it hz:
been recovered. Accordingly, the heating value of this sample is probably
low. Sample H-97253 was taken from a fresh face that was worked in the
abandoned C. H. Spencer mine in Tibbet Canyon and is probably more repre-
sentative of Straight Cliffs coals in the region than any of the other
samples.

Rank determinations have not been made on Kaiparowits coals, but the
heating values indicate that they range from subbituminous B to subbituminous
A or high-volatile C bituminous. The difference between the last two ranks
is based on agglomerating and weathering characteristics which have not been
determined. Inasmuch as Kaiparowits coals generally are considered best
suited for electric-power generation or conversion to liquid hydrocarbous,

the difference between these closely related ranks is probably not important.
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CLEATS

Cleats are distinctive closely spaced joints in coal seams tiat are
perpendicular to the bedding and commonly trend in slightly diffecant direc-
tions from joints in other lithologies. Generally, there are only two sets
of cleats--the face cleat which is the more persistent, and the butt cleat
which is generally oriented nearly normal to the face cleat and ccmmonly
terminates at face cleats.

Cleats are important in mining because coal breaks more easily along
thém and the miners can take advantage of this in laying out mincs and speed-
ing recovery of the coal. The orientation of cleating in Dakota znd Straight
Cliffs coals throughout the region is illustrated in figure 70 wzich shows
that the face cleat generally trends about N, 23° E., and the but: cleat
trends about N. 70° W. Local variations occur where the coal is overlain
by a fluvial channel sandstone or at the monoclines where seconcary sets of
cleating have been found.

The origin of cleating is not well understood. Studies of ‘ointing in
Pennsylvanian and Permian rocks of the Appalachian Plateau in Pezmnsylvania
led Nickelsen and Hough (1967, p. 627) to conclude that, "Coals, which are

both relatively weak and ~apable of being jointed early, are senzitive indi-

. cators of early and small stress differences, perhaps resulting Zrom warping

“ of the sedimentary basin or some other epeirogenic activity." Clzating in

the Kaiparowits coals is probably related to structural deformaz:-ion that
occurred during or immediately after deposition of the beds, buz the rela-
tion to regional stresses and the role of desiccation (Ball, 19:4) are

unknown.

POTENTIAL RESOURCES AND PRODUCTION

The Kaiparowits region contains far larger quantities of cocal than pre-
viously estimated. As recently as 1961, Averitt (1961, p. 79) zave a gross
provisional estimate of 3 billion tons for the region. Since that date,
drilling, surface mapping, this study, and calculations by W. E. Bowers,
H. D. Zeller, and the writer have indicated that a gross provisional estimate
of potential coal resources in the entire coal field is approximately 40
billion tons. This includes coal in beds 1 or more feet thick znd overburden

of a maximum of about 3,000 feet. This figure is extremely misleading,
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though, because little of the coal can be recovered by present miniIng methods
or by technological innovations that might be envisioned in the nzar future.
A rough estimate is that perhaps as much as one-tenth of this, or - billion
tons, could be recovered by present mining techniques.

Indicated coal resources is another type of estimate that is oore close-

ly related to actual measurements in the coal field. Indicated rssources are
"% % * computed partly from specific measurements and partly from zrojection
of visible data for a reasonable distance on the basis of geologic evidence.
In general, the points of observation are about 1 mile apart, but they may
be as much as 1% miles apart for beds of known continuity' (Averiz:, 1969,
p. 25). The indicated coal resources in the entire coal field as calculated
by W. E. Bowers, H. D. Zeller, and the writer are approximately 7.2 billion
tons. This figure includes coal in beds 1 or more feet thick and cverburden
of a maximum of about 3,000 feet.

Two reasons for the large amouunt of coal in the region are t:zat there

is less than 3,000 feet of overburden throughout most of the coal Zield and

“* the coal beds occur layered in a more or less vertical sequence 1ike a stack

of plates rzther than spread out in a few beds over a wide area z: occurs in
many other coal fields in the Western Intericr. For exemple, a single coal
iease in mauy townships will include as many as eight potentiall: =inable
coal beds with 1,500 or less feet of overburden.

Kaiparowits coals are generally considered best suited for ccal-fired,
steam electric generating plants, but another potential use invol-es coaver-
sion to liquid hydrocarbons. A conservative estimate is that 1 t:n of coal
will yield the equivalent in liquid hydrocarbons of two or more cSzrrels of
crude petroleum. Considering that 4 billion tons of coal in the field are
potentially recoverable, the Kaiparowits coal field could producz the equiv-
alent of approximately 8 billion barrels of crude petroleum. This figure can
be compared with some of the largest oil fields in the United Stzzes: the
East Texas field had an original reserve of about 6 billion barrels, and
the newly discovered Prudhoe Bay field in Alaska is estimated tc contain
about 5-10 billion barrels of oil (Burke and Gardmer, 1969). °

Coal production in the southeastern Kaiparowits region has :-cen rela-
tively insignificant and limited to the unsuccessful endeavors oI C. H.

Spencer during about 1910-12, Production from the mine in the Dekota
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Formation located in a small tributary canyon to Warm Creek canyon was about
145 tons (Waldrop and Peterson, 1966). The other Spencer mine in the Straight
Cliffs Formation located in Tibbet Canyon produced 115 tons (Grose and others,
1967, p. 58). Production from mines in other parts of the region are given
by Grose, Hileman, and Ward (1967) who estimate that only about 25,000 tons

of coal have been produced from the entire coal field.

Some of the most significant problems affecting the development of the
coal field include (1) isolation from potential markets and sources of supply,
(2) the rugged character of the terrain, and (3) the need for underground
mining in most of the region. Some of the specific mining problems are dis-

cussed by Grose, Hileman, and Ward (1967, p. 60-62).

0il and Gas Exploration

The various stratigraphic relations in the Cretaceous formations have
some bearing on cil and gas exploration. Once formed, oil and gas are capa-
ble of migrating considerable distances if porosity and permeability ar
adequate and the structural framework of the region is favorable, This study
has utilized several methods of determining the evolution of the structures’

in the region, and it seems likely that these methods could be used in other
tregions in attempting to determine the history of migration of oil and gas.
The thickness and distribution of .coal beds comprise some of the best evi-
dence of former structural movements and, therefore, indirectly of o0il and
gas migration, but exploration geologists commonly do not consider cozal in
their studies. This report has indicated that the coal can offer élues to
0il and gas migration and that it should at least be considered along with
the more commonly used exploration techniques.

An example of this concerns the possibility of hydrocarbons in ancestral
Rees Canyon anticline. If oil and gas were present in this fold and if
porosity and permeability were adequate, the hydrocarbons probably would
have migrated southeast up the flank of the ancestral Kaiparcwits structural
basin to the area of the present Rock Creek anticline, or possibly farther
southeast. Subsequent downfolding of Grand Bench monocline divided the
ancestral fold intec two anticlines, of which the present Rees Canyon anti-

cline offers the least potential for trapped oil and gas. Three wells have
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been drilled on the Rees Canyon anticline and these were dry, as would >e
expected by this study, but the Rock Creek anticline has not been drill:zd
‘because it is in relatively inaccessible terrain., This study, aided mainly
by an evaluation of the coal deposits, indicates that the Rock Creek aczi-

cline is the better exploration target for oil and gas.

Ground Water

Several of the sandstone units in the region contain water that could
be developed in sufficient quantities for limited endeavors. The Tibbe:
Canyon and Drip Tank Members of the Straight Cliffs Formation and the uoper
sandstone unit of the Wahweap Formation are probably the best aquifers in
the region, and springs have been found in each of these units at the ==zads
of many canyons. In addition, springs have been found at the base of =zny
of the barrier sandstone beds in the John Henry Member of the Straight

Cliffs Formation, particularly the A, C, and G sandstone beds., The weazsr

. has not been analyzed, but the writer and several acquaintances have tzsted

-it or used it for several days at a time with no ill effects. The Cali:zo

bed in the Smoky Hollow Member of the Straight Cliffs and the various zarrier
sandstone beds in the upper member of the Dakota Formation are cementel by
calcite or contain relatively large quantities of silt- and clay-size =zteri-
als which have reduced the porosity and permeability and left them as zoor
units for potential ground-water development. The only reliable sourczs of
large quantities of ground water are the Triassic and Jurassic eolian :zand-
stone formations which probably are recharged by underground seepage f-ocm

Lake Powell.

Black Sandstone Deposits

The black sandstone deposits are a potential source of titanium, zir-
conium, and other heavy metals, but the isolation of the region and tk=
economic factors noted by Dow and Batty (1961) make it unlikely that the
deposits can be developed in the near future. The deposits were not szudied
in detail, but this study has indicated that future underground prospscting
for more of these deposits should be directed to the area on the crest or

northeast flank of the ancestral Rees Canyon anticline.

223




REFERENCES CITED

Agasie, J. ﬁ., 1969, Late Cretaceous palynomorphs from northeastern Arizona:
Micropaleontology, v. 15, no. 1, p. 13-33.

Allen, J. R. L., 1963, Henry Clifton Sorby ani the sedimentary structures of
sands and sandstones in relation to flow conditions: Geologie en Mijn-
bouw, v. 42, no. 7, p. 223-228,

1965a, Fining-upwards cycles in alluvial successions: Geol. Jour., v.
4, pt. 2, p. 229-246.

1965b, Upper Old Red Sandstone (Farlovia=) paleogeography in South
Wales and the Welsh borderland: Jour. Ssd. Petrology, v. 35, no. 1,
p. 167-195.

1965c, A review of the origin and charac:zaristics of Recent alluvial
sediments: Sedimentology, v. 5, no. 2, =. 89-191,

Arkell, W. J., Furnish, W. M., Kummel, Bernha-d, Miller, A. XK., Moore, R. C.,
Schindewolf, 0. H., Silvester-Bradley, ©. C., and Wright, C. W., 1957,
Mollusca 4--Cephalopoda, Ammonoidea, Pt. of Treatise on invertebrate

paleontology, Moore, R. C., ed.: Geol. Soc. America and Univ. Kans.
Press, 490 p.

Armstrong, R. L., 1968, Sevier orogenic belt in Nevada and Utah: Geol. Soc.
America Bull., v. 79, no. 4, p. 429-458.

Averitct, Paul, 1961, Coal reserves of the Uni:tad States--a progress report,
January 1, 1960:_ U.8. Geol. Survey Bull., 1136, 116 p.

1962, Geology and coal resources of the Zadar Mountain quadrangle, Iron
County, Utah: U.S. Ceol. Survey Prof. Z:iper 389, 72 p.

1969, Coal resources of the United States, January 1, 1967: U.S. Geol.
Survey Bull, 1275, 116 p.

Ball, C. G., 1934, Kaolinite in Illinois coal: Econ. Geology, v. 29, no. 8,
p. 767-776.

Beaumont, E. C., and Dixon, G. H., 1965, Geoilogy of the Kayenta and Chil-
chinbito quadrangles, Navajo County, Arizona: U.S. Geol. Survey Bull.
1202-A, p. Al1-A28.

Beaumont, E. C., Dane, C. H., and Sears, J. D., 1956, Revised nomenclature
of Mesaverde group in San Juan basin, New Mexico: Am. Assoc. Petrol-
eum Geologists Bull., v. 40, no. 9, p. 2149-2162,

Beerbower, J. R., 1964, Cyclothems and cyclic depositional mechanisms in
alluvial plain sedimentation: Kansas G:zol. Survey Bull., 169, Symposium
on Cyclic Sedimentation, p. 31-42.

" Bergquist, H. R., and Cobban, W. A., 1957, Mollusks of the Cretaceous--anno-
tated bibliography, in Ladd, H. S., ed., Paleoecology: Geol. Soc.
America Mem. 67, p. 871-884,

224




Bernard, H. A., and Major, C. F., Jr., 1963, Recent meander beit deposits
of the Brazos River--An alluvial "sand" model [abs.]: Am. Assoc.
Petroleum Geologists Bull., v. 47, no. 2, p. 350.

Bernard, H. A., LeBlanc, R. J., and Major, C. F., 1962, Recent and Pleisto-
cene geology of southeastern Texas, Field excursion no. 3, in Geology
of the Gulf Coast and central Texas and guidebook of excursions, Geol.
Soc. America, 1962 Ann. Mtg.: Houston, Tex., Houston Geol. Soc.,

p. 175-224.

Bowers, W. E., 1968, Preliminary geologic map of the Griffin Point quad-
rangle, Garfield County, Utah: U.S. Geol. Survey open-file map.

Bhrke, R. J., and Gardner, F. J., 1969, The world's monster oil fields, and
how they rank: O0il and Gas Jour., v. 67, no. 2, p. 43-49,

Cadigan, R. A., 1967, Petrology of the Morrison Formation in the Colorado
Plateau region: U.S. Geol. Survey Prof. Paper 556, 113 p.

Casey, Raymond, 1964, The Cretaceous period, in Harland, W. B., Smith, A. G.,
and Wilcock, Bruce, eds., 1964, The Phanerozoic time scale--a symposium:
London Geol. Soc. Quart. Jour., supp., v. 120s, p. 193-202,

Cobban, W. A., 1953, Cenomanian ammonite fauna from the Mosby sandstone of
central Montauna: U.S. Geol. Survey Prof. Paper 243-D, p. 45-55.

1961, The ammonite family Binneyitidae Reeside in the Western Interior
of the United States: Jour. Paleontology, v. 35, no. &4, p. 737-758.

sible origin: U.S. CGzol. Survey Prcf. Paper 4534-I, p. I1-I121.
Cohban, W. A., and Reeside, J. B., Jr,, 19532, Corr=lation of the Cretaceous

formations of the Western Interior of the United States: Geol. Soc.

America Bull., v. 63, no. 10, p. 1011-1043.

Colby, B. R., 1963, Fluvial sediments--A summary of source, transportation,
deposition, and measurement of sediment discharge: U.S. Geol, Survey
Bull. 1181-A, p. Al-A47.

Coleman, J. M., 1968, Ecological changes in a massive fresh-water clay se-
quence: Gulf Coast Assoc. Geol. Soc. Trams., v. 16, p. 159-174.

Craig, L. C., Holmes, C. N., Cadigan, R. A., Freeman, V. L., Mullens, T. E.,
and Weir, G. W., 1955, Stratigraphy of the Morrison and related forma-
tions, Colorado Plateau region, a preliminary report: U.S. Geol.
Survey Bull. 1009-E, p. 125-168.

Cross, C. W., and Purington, C. W., 1899, Description of the Telluride quad~
rangle, Colorade: U.S. Geol. Survey Atlas, Folio 57, 18 p.

Dane, C. H., 1960, The boundary between rocks of Carlile and Niobrara age in
San Juan basin, New Mexico and Colorado: Am. Jour. Sci., v. 258-A
(Bradley Vol.), p. 46-56. .

“ Dickinson, R. G., 1965, Geologic map of the Cerro Summit quadrangle, Mont-
rose County, Colorado: U.S. Geol. Survey Geol. Quad. Map 486.

Doeglas, D. J., 1962, The structure of sedimentary deposits of braided rivers:
Sedimentology, v. 1, no. 3, p. 167-190.

225




.

Doelling, H. H., 1967, Kaiparowits Plateau, Garfield County, Utah, Escalante-

Upper Valley coal area: Utah Geol. and Mineralog. Survey Spec. Studies
20, 16 p.

Dow, V. T., and Batty, J. V., 1961, Reconnaissance of titaniferous sandstone
deposits of Utah, Wyoming, New Mexico, and Colorado: U.S. Bur, Mines
Rept. Inv. 5860, 52 p.

Drewes, Harald, 1968, The Laramide Orogeny of Arizona southeast of Tucson
[abs.]: Geol. Soc. America, Program 64th Ann. Mtg., Pacific Coast Sec.,
Tucson, April 11-13, 1968, p. 52-53.

Dunbar, C. 0., and Rodgers, John, 1957, Principles of stratigraphy: New
York, John Wiley and Sons, 356 p.

Eardley, A, J., 1962, Structural geology of North America L2d ed.]: New
York, Harper and Row, 743 p.

Fahnestock, R. K., and Haushild, W. L., 1962, Flume studies of the transport
of pebbles and cobbles on a sand bed: Geol. Soc. America Bull., v. 73,
no. 11, p. 1431-1436.

Fischer, A. G., 1969, Geological time-distance rates: the Bubnoff unit:
Geol. Soc. America Bull., v. 80, no. 3, p. 549-551.

Fisher, D. J., Erdmann, C. E., and Reeside, J. B., Jr., 1960, Cretaceous
and Tertiary formations of the Book Cliffs, Carbon, Emery, and Grand
Counties, Utah, and Garfield and Mesa Counties, Colorado: U.S. Geol.
Survey Prof. Paper 332, 80 p.

Fisk, H. N., 1947, Fine-grained alluvial deposits and their effects on Missis-
sippi River activity: U.S. Mississippi River Comm., v. 1, 82 p., v. 2,
74 pls.

1952, Mississippi River Valley geology relation to river regime: Am,
Soc. Civil Engineers Trans., v. 117, Paper no. 2511, p. 667-¢689.

1961, Bar-finger sands of Mississippi delta, in Geometry of sandstone
bodies~~A symposium, 45th ann. meeting, Atlantic City, N. J., April
25-28, 1960: Tulsa, Okla., Am. Assoc. Petroleum Geologists, p. 29-52.

Frazier, D. E., and Ozanik, A., 1961, Point-bar deposits, 0ld River Locksite,
Louisiana: Gulf Coast Assoc. Geol. Socs. Trams., v. 11, p. 121-137.

Friedman, G. M., 1958, Determination of sieve-size distribution from thin-
section data for sedimentary petrological studies: Jour. Geology,
v. 66, no. 4, p. 394-416.

1962, Comparison of moment measures for sieving and thin-section data
in sedimentary petrological studies: Jour. Sed. Petrology, v. 32, no.
1, p. 15-25.

Funnell, B. M., 1964, The Tertiary period, in Harland, W. B., Smith, A. G.,
and Wilcock, Bruce, eds., 1964, The Phanerozoic time scale--a symposium:
London Geol. Soc. Quart., Jour., supp., v. 120s, p. 179-191.

226




Gilbert, C. M., 1958, Pt. 3, Sedimentary rocks, in Williams, Howel, Turner,
F. J., and Gilbert, C. M., Petrography--an introduction to the study
of rocks in thin sections: San Francisco, W. H. Freeman and Co., p.
249-384,

Gilbert, G. K., 1899, Ripple-marks and cross bedding: Geol. Soc. America
Bull. 10, p. 135-140,

Gill, J. R., and Cobban, W. A., 1966, The Red Bird section of the Upper
Cretaceous Pierre Shale in Wyoming: U.S. Geol. Survey Prof. Paper
393-4A, 73 p.

Glass, H. D., 1958, Clay mineralogy of Pennsylvanian sediments in southern
Illinois, in Swineford, A., ed., Clays and clay minerals: Natl. Re-
search Council Pub. 566, p. 227-241,

Goddard, E. N., chm., and others, 1963 [reprint], Rock-color chart: New
York, Geol. Soc. America.

Gregory, H. E., and Moore, R. C., 1931, The Kaiparowits region, a geographic
and geologic reconnaissance of parts of Utah and Arizona: U.S. Geol.
Survey Prof. Paper 164, 161 p.

Gressly, Armand, 1836, Geognostische Bemerkungen Uber den Jura der nordwest-
lichen Schweiz, besonders des Kantons Solothurn und der Grenz-Partien
der Kantone Bern, Aargau und Basel [Geologic observations on the Jura
of northwestern Switzerland, especially of the Canton of Solothurn
and the bordering parts of the Cantons of Bern, Aargau, and Basel]:
Neues Jahrbuch flir Min., Geogn., Geol., und Petrefactenkunde, Jahrg.
1836, p. 659-675.,

1838, Observations geologiques sur le Jura soleurois [Geologic obser-
vations on the Solothurnian Jura]: Neuchatel, Schweizerische Natur-
forschende Gesellschaft (Mem. de la Société Helvétique), Neue
Denkschriften, v. 2, p. 1-112,

1840, Observations geologiques sur le Jura soleurois [Geologic obser-
vations on the Solothurnian Jura], Pt. 2: Neuchatel, Schweizerische
Naturforschende Gesellschaft (Mem. de la Société Helvétique), Neue
Denkschriften, v. 4, p. 113-241.

1841, Observations geologiques sur le Jura soleurois [Geologic obser-
vations on the Solothurnian Jura], Pt. 3: Neuchatel, Schweizerische
Naturforschende Gesellschaft (Mem. de la Société Helvétique), Neue
Deunkschriften, v. 5, p. 245-349,

Grose, L. T., Hileman, D. H., and Ward, A. E., 1967, Coal resources of
southwestern Utah: U.S. Bur. Mines Inf. Circ. 8326, 78 p.

Happ, S. C., Rittenhouse, Gordon, and Dobson, G. C., 1940, Some principles
of accelerated stream and valley sedimentation: U.S. Dept. Agr. Tech.
Bull. 695, 134 p.

Hardy, C. T., and Zeller, H. D., 1953, Geology of the west-central part of
the Gunnison Plateau, Utah: Geol. Soc. America Bull., v. 64, no. 11,
" p. 1261-1278,

227




Harms, J. C., and Fahnestock, R. K., 1965, Stratification, bed forms, and
flow phenomena (with an example from the Rio Grande): Scc. Econ.
Paleont. and Mineralog. Spec. Pub. 12, p. 84-115.

Harms, J. C., MacKenzie, D. B., and McCubbin, D. G., 1963, Stratification
in modern sands of the Red River, Louisiana: Jour. Geoloczy, v. 71,
no. 5, p. 566-580.

Harris, H. D., 1959,>A late Mesozoic positive area in western Utah: Am.
Assoc. Petroleum Geologists Bull., v. 43, no. 11, p. 2636-2652,

Harshbarger, J. W., Repenning, C. A., and Irwin, J. H., 1957, Stratigraphy
of the uppermost Triassic and the Jurassic rocks of the XNavajo Country
[Colorado Plateau]: U.S. Geol. Survey Prof. Paper 291, 74 p.

Hattin, D. E., 1962, Stratigraphy of the Carlile Shale (Upper Cretaceous)
in Kansas: Xansas Geol. Survey Bull. 156, 155 p.

1965, Stratigraphy of the Graneros Shale (Upper Cretaceous) in central
Kansas: Kansas State Geol. Survey Bull. 178, 83 p.

Hintze, L. F., 1963, Geologic map of southwestern Utah: Salt Lake City,
Utah State Land Board.

Hintze, L. F., and Stokes, W. L., 1964, Geologic map of soutiszastern Utan:
Salt Lake City, Utah State Land Board.

Hollenshead, C. T., and Pritchard, R. L., 1961, Geometry of croducing }Mesa-
verde sandstones, San Juain basin, in Geometry of sandstone bodies--
A symposium, 45th ann. meeting, Atlantic City, 1960: Tulsa, Okla.,
Am. Assoc. Petroleum Geologists, p. 98-113.

Houston, R. S., and Murphy, J. R., 1962, Titaniferous black sandstone
deposits of Wyoming: Wyoming Geol. Survey Bull., 49, 1Z¢ p.

Hoyt, J. H., 1962, High-angle beach stratification, Sapelo Island, Gecrgia:
Jour. Sed. Petrology, v. 32, no. 2, p. 309-311,

Hoyt, J. H., and Weimer, R, J., 1963, Comparison of modern &zd ancient
beaches, central Georgia coast: Am. Assoc. Petroleum Gzologists
Bull., v. 47, no. 3, p. 529-531.

Hoyt, J. H., Henry, V. J., Jr., and Howard, J. D., 1966, Pleistocene and
Holocene sediments, Sapolo Island, Georgia and vicinity: Geol. Soc.
America Guidebook for Field Trip no. 1, April 11-13, 1966, 78 p.,
plus reprinted articles in back.

Hunt, C. B., 1956, Cenozoic geology of the Colorado Plateau: U.S. Geol.
Survey Prof. Paper 279, 99 p.

Hunt, C. B., Averitt, Paul, and Miller, R. L., 1953, Geology and geography
of the Henry Mountains, Utah: U.S. Geol. Survey Prof. 2aper 228, 234 p.

Imlay, R. W., 1956, Paleogeographic maps of the United States during the
Jurassic Period, in McKee, E. D., Oriel, S. S., Swansoxn, V. W.,
MacLachlan, M, E., MacLachlan, J. C., Ketner, K. B., Goldsmith, J. W.,
Bell, R. Y., and Jameson, D, J., Paleotectonic maps of the Jurassic
system: U.S. Geol. Survey Misc. Geol. Inv. Map I-175, 6 p.

228




Ingle, J. C., Jr., 1966, The movemeunt of beach sand, Developments in ssdi-
mentology 5: New York, Elsevier Pub. Co., 221 p.

Jacka, A, D., 1965, Depositional dynamics of the Almond Formation, Rock
Springs uplift, Wyoming, in Wyoming Geol. Assoc. Guidebook 19th Zi=ld
Conf., Sedimentation of Late Cretaceous and Tertiary outcrops, Rock
Springs uplift, 1965: p. 81-100.

Jahns, R. H., 1947, Geologic features of the Connecticut Valley, Mass
setts, as related to recent floods: U.S. Geol. Survey Water-Sup:ly
Paper 996, 158 p.

Kauffman, E. G., 1967, Coloradcan macroinvertebrate assemblages, central
Western Intericr, United States, in Kauffman, E. G., and Kent, =. C.,
cochm., A symposium on paleocenvironments of the Cretaceous seawzy¥ in
the Western Interior: Golden, Colo., Colo. School of Mines, p. 27-143.

Keen, A. M., 1958, Sea shells of tropical West America: Stanford, Czlif.,
Stanford Univ. Press, 624 p. -

1963, Marine molluscan genera of western North America: StanfczZ,
Calif., Starford Uaiv. Press, 126 p.

Keller, W. D., 1957, The principles of chemical weathering: Columbiz, ¥o.,
Lucas Bros., 1lll p.

Kelley, V. C., 1955a, Regional tectonics of the Colorado Plateau and rela-
tionship to the origin and distribution of uranium: New Mexicc Tniv.
Pubs. Geolegy, no. S, 120 p.

1955b, Monoclines of the
v. 66, no. 7, p. 789-803.

Kelley, V. C., and Clinton, N. J., 1960, Fracture systems and tectozi:c ele-
ments c¢f the Colorado Plateau: New Mexico Univ. Pubs. Geolegy, no. 6,
104 p.

Kent, H. C., 1968, Biostratigraphy ¢f Niobrara-equivalent part of Mzzcos
Shale (Cretaceous) in northwestern Colorado: Am. Assoc. Petrcizum
Geologists Bull., v. 52, no. 11, p. 2098-2115.

Kerxr, P. F., 1959, Optical mineralogy [3d ed.]: New York, McGraw-Eiil Book
Co., 442 p. '

Kolb, C. R., and Shockley, W. G., 1957, Mississippi Valley geology~--its
engineering significance: Am. Soc. Civil Engineers Proc., v. 323,
paper 1289, Jour. Soil Mechanics and Found. Div., no. SM 3, 1l& »p.

Colorado Plateau: Geol. Soc. America Zull.,

Krauskopf, K. B., 1967, Introduction to geochemistry: New York, McCGraw-
Hill Book Co., 721 p.

Kunkel, R. P., 1965, History of exploration for oil and natural gas in the
Kaiparowits region, Utah: Utah Geol. Soc. and Intermountain ~ssoc.
Petroleum Geologists, Guidebook to the geology of Utah, no. 1%, p. 93-11l.

La Rocque, Aurele, 1967, Pleistocene Mollusca of Ohio: Ohio Géol. Survey
Bull. 62, Pt. 2, p, 113-356.

229




Lawrence, J. C., 1965, Stratigraphy of the Dakota and Tropic formations of
Cretaceous age in southern Utah: Utah Geol. Soc. and Intermountain
Assoc. Petroleum Geologists, Guidebook to the geology of Utah, no. 19,
p. 71-91. '

Leopold, L. B., and Wolman, M. G., 1957, River channel patterns--braided,
meandering, and straight: U.S. Geol. Survey Prof. Paper 282-B, p. 39-85.

Leopold, L. B., Wolman, M. G., and Miller, J. P., 1964, Fluvial processes
in geomorphology: San Francisco, Calif., W. H. Freeman and Co., 522 p.

Lessentine, R. H., 1965, Kaiparowits and Black Mesa basins: stratigraphic
synthesis: Am. Assoc. Petroleum Geologists Bull., v. 49, no. 11, p.
1997-2019.

Lohrengel, C. F., II, 1968, Palynology of the Kaiparowits Formation, Garfield
County, Utah [abs.]: Geol. Soc. America, Program for 1968 Ann. Meet-
ings, p. 179.

Longwell, C. R., 1949, Structure of the northern Muddy Mountains area,
Nevada: Geol. Soc. America Bull., v. 60, no. 5, p. 923-967.

Mackie, William, 1897, The sands and sandstones of eastern Moray: Edinburg
Geol. Soc. Trams., v. 7, pt. 3, p. 148-172,

Mansfield, G. R., 1938, Flood deposits of the Ohio River, January-February
1937, a study of sedimentation: U.S. Geol. Survey Water-Supply Paper
838, p. 693-736.

Marvin, R. G., 1967, Dzkota Sandstone-Tres Hermanos relationship, scuthern
San Juan basin area, in New Mexico Geol. Soc. Guidebook of Defiance-
Zuni-Mt. Taylor region, Arizona and New Mexico, 18th Field Conf., Oct.
19-21, 1967: p. 170-172.

Masters, C. D., 1967, Use of sedimentary structures in determinacion of
deposicional environments, Mesaverde Formation, Williams Fork Mountains,
Colorado: Am. Assoc. Petroleum Geologists Bull., v. 51, no. 10, p.
2033-2043.

Maxson, J. H., 1966, Geologic map of the Bright Angel quadrangle, Grand
Canyon National Park, Arizona [2d ed.]: Grand Canyon Nat. History Assoc.

1967, Preliminary geologic map of the Grand Canyon and vicinity, Arizona,
eastern section: Grand Canyon Nat, History Assoc. -

McCave, I. N., 1963, Shallow and marginal marine sediments associated with
the Catskill Complex in the Middle Devonian of New York, in Klein,
G. D., Late Paleozoic and Mesozoic continental sedimentation, north-
eastern North America: Geol. Soc. America Spec. Paper 106, p. 75-107.

McKee, E. D., 1957, Primary structures in some Recent sediments [U.S. and
Mexico]: Am. Assoc. Petroleum Geologists Bull., v. 41, no. 8, p.
1704-1747.

1666, Significance of climbing-ripple structure: U.S. Geol. Survey
Prof. Paper 550-D, p. D94-D103.

McKee, E. D., and Weir, G. W., 1953, Terminology for stratification and cross-
stratification in sedimentary rocks: Geol. Soc. America Bull., v. 64,
no. 4, p. 381-389.

230




McKee, E. D., Wilson, R. F., Breed, W. J., and Breed, C. S., eds., 1967,
Evolution of the Colorado River in Arizona, an hypothesis developed at
the Symposium on Cenozoic Geology of the Colorado Plateau in Arizona,
August 1964: Flagstaff, Mus. Northern Arizona Bull. 44, 67 p.

Meek, F. B., and Hayden, F. V., 1856, Descriptions of new species of Gastro-
poda from the Cretaceous formations of Nebraska Territory: Acad. Nat.
Sci. Philadelphia Proc., v. 8, p. 63-69.

1861, Descriptions of new Lower Silurian (Primordial), Jurassic, Cre-
taceous, and Tertiary fossils, collected in Nebraska Territory * * *:
Acad. Nat. Sci., Philadelphia Proc., v. 13, p. &415-447.

Moore, D. G., and Scruton, P. C., 1957, Minor internal structures of some
recent unconsolidated sediments [Gulf of Mexico]: Am. Assoc. Petroleum
Geologists Bull., v. 41, no. 12, p. 2723-2751.

MUller, German, 1967, Diagenesis in argillaceous sediments, in Larsen, Gunnar,
and Chilingar, G. V., eds., Developments in sedimentology 8, Diagenesis
in sediments: New York, Elsevier Pub, Co., p. 127-177.

Nickelsen, R. P., and Hough, V. N. D., 1967, Jointing in the Appalachian
Plateau of Pennsylvania: Geol. Soc. America Bull,, v. 78, no. 53,
p. 609-629.

Ore, H. T., 1964, Some criteria for recognition of braided stream deposits:
Wyoming Univ. Contr. Geology, v. 3, no. 1, p. 1l-14,

Parker, R. H., 1956, Macro-invertebrate assemblages as indicators of sedi-
mentary environments in east Mississippi Delta region .La.): Am. Assoc.
Petroleum Geologists Bull., v. 40, no. 2, p. 295-376.

1960, Ecology and distributional patterns of marine macro-invertebrates,
northern Gulf of Mexico, in Shepard, F. P., and others, ed., Recent
sediments, northwest Gulf of Mexico: Tulsa, Okla., Am. Assoc. Petrci-
eum Geologists, p. 302-337. :

Peck, R. E., 1957, North America Mesozoic Charophyta: U.S. Geol. Survey Prof.
Paper 294-A, p. l-44.

Peterson, Fred, 1966, Preliminary geologic map and coal deposits of the north-
west quarter of the Gunsight Butte quadrangle, Kane County, Utah: Utzh
Geol. and Mineralog. Survey Map 24-E [1967].

1969, Four new members of the Upper Cretaceous Straight Cliffs Forma-
tion in the southeastern Kaiparowits region, XKane County, Utah: TU.S.
Geol. Survey Bull. 1274-J, p. J1-J28.

Peterson, Fred, and Horton, G. W., 1966, Preliminary geologic map and coal
deposits of the northeast quarter of the Gunsight Butte quadrangle,
- Kane County, Utah: Utah Geol. and Mineralog. Survey Map 24-F [1967].

Peterson, Fred, and Waldrop, H. A., 1965, Jurassic and Cretaceous stratig-
raphy of south-central Kaiparowits Plateau, Utah: Utah Geol. Soc. and
Intermountain Assoc. Petroleum Geologists, Guidebook to the geology
of Utah, no. 19, p. 47-69.

231




1966, Preliminary geologic map of the southeast quarter of the Gunsight
Butte quadrangle, Kane and San Juan Counties, Utah, and Coconino County,
Arizona: Utah Geol. and Mineralog. Survey Map 24-G [1967].

Peterson, Fred, Bowers, W. E., Waldrop, H. A., and Zeller, H. D., 1966,
Stratigraphic aspects of Upper Cretaceous coals, Kaiparowits coal field,
south-central Utah [abs.]: Geol. Soc. America, Program for 1966 Ann.
Meetings, p. 162.

Phoenix, D. A., 1963, Geology of the Lees Ferry area, Coconino County,
Arizona: U.S. Geol. Survey Bull, 1137, 86 p.

Reeside, J. B., Jr., 1957, Palececology of the Cretaceous seas of the western
interior of the United States, Chap. 18 of Ladd, H. S., ed., Paleo-
ecology: Geol. Soc. America Mem. 67, p. 505-541.

Repenning, C. A., and Page, H. G., 1956, Late Cretaceous stratigraphy of
Black Mesa, Navajo, and Hopi Indian Reservations, Arizona: Am. Assoc.
Petroleum Geologists Bull., v. 40, no. 2, p. 255294,

Robison, R. A., 1964, Progress report on the coal resources of southwestern
Utah~-1963: Utah Geol. and Mineralog. Survey Spec. Studies 7, 28 p.

1966, Geology and coal resources of the Tropic area, Garfield County,
Utah: Utah Geol. and Mineralog. Survey Spec. Studies 18, 47 p.

Russell, R. J., 1954, Alluvial morphology of Anatolian rivers: Assoc. Am.
Geographers Annals, v. 44, no. 4, p. 363-391.

Schenck, H. G., 1961, Guiding principles in stratigraphy: Geol. Soc. India
Jour., v. 2, p. 1-10.

Schneider, M. C., 1967, Early Tertiery continental sediments of central and
south-central Utah: Brigham Young Univ. Geol. Studies, v. 14, p.
143-194,

Schultz, L. G., 1964, Quantitative interpretation of mineralogical composi-
tion from X-ray and chemical data for the Pierre Shale: U.S. Geol.
Survey Prof. Paper 391-C, p. C1-C31.

Scott, Gayle, 1940, Paleoecological factors controlling the distribution and
mode of life of Cretaceous ammonoids in the Texas area: Jour. Paleon-
tology, v. 14, no. 4, p. 299-323.

Scott, G. R., and Cobban, W. A,, 1962, Clioscaphites saxitonianus (McLearn),
a discrete ammonite zone in the Niobrara Formation at Pueblo, Colorado,
in Geological Survey research 1962: U.S. Geol. Survey Prof. Paper
450-C, p. C85.

1964, Stratigraphy of the Niobrara Formation at Pueblo, Colorado: U.S.
Geol. Survey Prof. Paper 454-L, p. L1-L30.

Sears, J. D., Hunt, C. B., and Hendricks, T. A., 1941, Transgressive and re-
gressive Cretaceous deposits in southern San Juan basin, New Mexico:
U.S., Geol. Survey Prof. Paper 193-F, p. 101-121. :

Shepard, F. P., 1960, Mississippi Delta--marginal environments, sediments,
and growth, in Shepard, F. P., and others, ed., Recent sediments, north-
west Gulf of Mexico: Tulsa, Okla,, Am. Assoc. Petroleum Geologists,

p. 56-81.

232




Shimer, H. W., and Shrock, R. R., 1944, Index fossils of North America:
New York, John Wiley and Sons, 837 p.

Simons, D. B., and Richardson, E. V., 1961, Forms of bed roughness in allu-
vial channels: Am. Soc. Civil Engineers Proc., v. 87, paper 2816,
Jour. Hydraulics Div., no. HY 3, pt. 1, p. 87-105.

1962, The effect of bed roughness on depth-discharge relations in allu-
vial channels: U.S. Geol. Survey Water-Supply Paper 1498-E, 26 p.

Simons, D. B., Richardson, E. V., and Albertson, M. L., 1961, Flume studies
using medium sand (0.45 mm): U.S. Geol. Survey Water-Supply Paper
1498-A, 76 p.

Simons, D. B., Richardson, E. V., and Haushild, W. L., 1963, Some effects
of fine sediment on flow phenomena: U.S. Geol. Survey Water-Supply
Paper 1498-C, 47 p.

Simons, D. B., Richardson, E. V., and Nordim, C. F., Jr., 1965, Sedimentary
structures generated by flow in alluvial channels, in Middleton, G. V.,
ed., Primary sedimentary structures and their hydrodynamic interpre-
tation: Soc. Economic Paleontologists and Mineralogists Spec. Pub.

12, p. 34-52,

Spieker, E. M., 1949, Sedimentary facies and associated diastrophism in the
Upper Cretaceous of central and easteran Utah, in Longwell, C. R., chm.,
Sedimentary facies in geologic history [symposium]: Geol. Soc. America
Mem. 39, p. 55-8L.

Stewart, J. H., 1961, Stratigraphy and origin of the Chinle Formation (Upper
Triassic) on the Colorado Plateau [abs.]: Disserc. Abs., v. 22, no. 2,
p. 543.

Stewart, J. H., Williems, G. A., Albee, H, F., and Raup, 0. B., 1959,
Stratigraphy of Triassic and associated formations in part of the
Colorado Plateau region: U.S. Geol. Survey Bull. 1046-Q, p. 487-576.

Stokes, W. L., 1947, Primary lineation in fluvial sandstones, a criterion
of current direction: Jour. Geology, v. 55, no. 1, p. 52-54.

Swift, D. J. P., and Heron, S. D., Jr., 1967, Tidal deposits in the Creta-
ceous of the Carolina ccastal plain: Sedimentary Geology, v. 1, no.
3, p. 259-282, ‘

Thompson, W. 0., 1937, Original structures of beaches, bars, and dumnes:
Geol. Soc. America Bull., v. 48, no. 6, p. 723-751.

Van De Graaff, F. R., 1963, Upper Cretaceous stratigraphy of southwestern
Utah: Intermountain Assoc. Petroleum Geologists, Guidebook 12th Ann.
Field Conf., Geology of southwestern Utah, p. 65-70.

Waage, K. M., 1967, Cretaceous transitional environments and faunas in
central South Dakota, in Kauffman, E. G., and Kent, H. C., cochm., A
symposium on paleocenvironments of the Cretaceous seaway in the Western
Interior: Golden, Colc., Colo. School of Mines, p. 237-266,

Waldrop, H. A., and Peterson, Fred, 1966, Preliminary geologic map of the
southeast quarter of the Nipple Butte quadrangle, Kane County, Utah, and
Coconino County, Arizona: Utah Geol. and Mineralog. Survey Map 24-C
[1967].

233



Waldrop, H. A., and Sutton, R. L., 1966a, Preliminary geologic map and coal
deposits of the northwest quarter of the Nipple Butte quadrangle, Kane
County, Utah: Utah Geol. and Mineralog. Survey Map 24-A [1967].

1966b, Preliminary geologic map and coal deposits of the northeast
quarter of the Nipple Butte quadrangle, Kare County, Utah: Utah Geol.
and Mineralog. Survey Map 24-B [1967].

1966c, Preliminary geologic map and coal deposits of the southwest
quarter of the Nipple Butte quadrangle, Kane County, Utah, and Coconino
County, Arizona: Utah Geol. and Mineralog. Survey Map 24-D [1967].

Ward, H, B., and Whipple, G. C., 1918, Fresh-water bioclogy: New York, J.
Wiley and Soms, Inc., lill p.

Weaver, C. E., 1958, Geologic interpretation of argillaceous sediments--Pt.
1, Origin and significance of clay minerals in sedimentary rocks: Am.
Assoc. Petroleum Geologists Bull., v. 42, no. 2, p. 254-271,

1959, The clay petrology of sediments, in Swineford, A., ed., Clays
and clay minerals: Internat, Ser. Mons. Earth Sci., v. 2, p. 154-187.

Weimer, R. J., and Hoyt, J. H., 1564, Burrows of Callianassa major Say,
geologic indicatcrs of littoral and shallow neritic enviromments: Jour,
Paleontology, v. 38, no. 4, p. 761-767.

Young, R. G., 1955, Sedimentary facies and intertonguing in the Upper Creta-
ceous of the Book Cliffs, Utah-Colorado: Geol. Soc. America Bull.,
v. 66, no. 2, p. 177-201.

1960, Dakota Group of Colorado Platecau: Am. Assoc., Petroleum Geolo-
gists Bull., v. 44, no. 2, p. 156-194,

Zeller, H. D., 1955, Reconnaissance for uranium-bearing carbonacecus materi-
als in southern Utah: (.S. Geol. Survey Circ. 349, 9 p.

1968a, Preliminary geologic map of the Canaan Creck quadrangle, Gar-
field County, Utah: U.S. Geol. Survey open-file report,

1968b, Preliminary geologic map of the Carcass Canyon quadraugie,
Garfield and Kane Counties, Utah: U.S. Geol. Survey open-file report.

1968¢c, Preliminary geologic map of the Dave Canyon quadrangle, Garfield
County, Utah: U.S. Geol. Survey open-file report.

234



[All fossil locality numbers are USGS Mesozoic locality numbers

APPENDIX

Fossil Local

ities

unless otherwise noted]

Co%lee- USG? Collector Identified Location
tion fossil Fossils
and year by and notes
No. loc.
DARKOTA FORMATION
Lower member ~
52  eeee- F. Peterson N. Hotton 3d Turtle, undet. PL. 6,
1964 D.H. Dunkle sec. 52.
Middle member
14 D3753 H.A. Waldrop R.A. Scott Fossils similar to colln. 21l. 6,
(USGS 1965 50 but lacks tricolpate sec. 3.
paleo~ and other complex pollen Could be
bot. grains. older
loc.) than
Albian.
20 D6421 do., 1964 W.,A. Cobban Unio n. sp. Pl. 6,
sec. 7.
50 e~--- do., 1964 R.A. Scott Spores and pollen P1. 6,
Cicatricosisporites sec. 19.
Appendicisporites albian or
Gleicheniidites younger
Monosulcites age.
Tricolpopollenites
Retitricolpites
Fragmentary wood tissue
Resin blebs
135 D3786 F. Peterson R,H. Tschudy Spores and pollen PL. 7,
(UsGSs 1965 ' Botryococcus sec. 85.
paleo- Anemia Albian or
bot. Gleichenia Cenoman-
loc.) Fern spores ian age.

Monosulcate and tricolpate
pollen
Bisaccate conifer pollen
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Ccllec-

USGS

. , Collector Identified . Location
tion fossil Fossils
and year by and notes
No. loc.
DAKOTA FORMATION--continued
Upper member
Zone of Dunveganoceras pondi Haas
12 D4622 H.A. Waldrop W.A. Cobban Ostrea prudentia Whi=zs Pl. 6,
1964 Brachidontes sp. sec. 2.
51 D4351 do., 1963 do. Ostrea sp. Pl. 6,
sec. 52.
57 wen-- do., 1963 do. Ostrea sp. Pl. 6,
Brachidontes sp. sec. 22.
6l —~--- do., 1963 do. Ostrea sp. Pl. 6,
Corbicula? sp. sec, 25.
64 D4624 do., 1963 do. Ostrea sp. Pl. 6,
Brachidontes multilicicera sec. 26.
(Meek)
76 D5080 do., 1965 do. Ostrea prudentia Whicea Pl. 6,
Ostrea sp. sec, 2.
113 D4350 H.A, Waldrop do. Ostrea sp. Pl. 6,
F. Peterson Brachidontes multili-izera sec., 29,
1963 (Meek)
Cardium sp.
114 -=--- do., 1963 do. Ostrea sp. Pl. 6,
sec., 29,
115 D5230 F. Peterson F. Peterson Brachidontes multilinizera Pl. 6,
1964 (Meek) sec. 31.
118  ==--- do., 1964 do. Ostrea prudentia Whits Pl. 6,
Ostrea sp. sec. 35.
119 D5237 do., 1965 do. Plicatula hydrothecs wWhite Pl. 6,
sec. 35.
136 ===-- do., 1965 do. Ostrea prudentia Whice Pl. 7,
Ostrea sp. sec, 101,
202 -ce-e- do., 1966 do. Barbatia sp. Pl. 8,
Ostrea sp. sec. 115.
Anomia sp.
Lucina sp.
Corbula sp.
407 e=--- do., 1965 do. Ostrea sp. Pl. 8,
Corbula sp. sec. 140,
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No. loc. y y nd notes

DAKOTA FORMATION AND TROPIC SHALE
Zone of Dunveganoceras conditum Haas
25  me-e- F. Peterson F. Peterson Corbula sp. P1. 6,
1965 Fish scale, undet. sec. 1l1l.
35 -e-w-- do., 1964 N, Hotton 3d Corbicula? sp. Pl. 6,
D.H. Dunkle Osteichthyes sec. 18.
F. Peterson Pycnodontoid tooth, undet.
36 ----- do., 1965 F. Peterson Cardium cf, C. pauperculum Pl. 6,
Meek sec. 18.
129 ~---- do., 1964 do. Exogyra levis Stephenson Pl. 7,
. sec. 79.
137  ~e-e- do., 1965 do. Exogyra levis Stephenson P1. 7,
sec,101.
201 D5232 do., 1964 do. Exogyra levis Stephenson Pl. 8,
. sec.ll4.
203 D5231 do., 1964 do. Exogyra levis Stephenson PL. 8,
Plicatula hydrotheca White sec.1l15.
301 D5233 do., 1964 do. Exogyra levis Stephenson Pl. 7,
E. olisiponensis Sharpe sec.100.
Plicatula cf. F. hydrctheca
‘ White
304 D5238 do., 1965 do. Exogvra levis Stephenson Pl. 8,
sec.133.
401 D5240 do., 1965 do. Ostrea sp. P1l, 8,
Cardium sp. sec.138.
406 D5239  do., 1965 W.A. Cobban  Pinna petrina White P1. 8,
F. Peterson Phelopteria sp. sec.140.
Ostrea sp.
Exogyra levis Stephenson
E. olisiponensis Sharpe
Plicatula sp.
Cardium sp.
Callistina? sp.
Corbula sp.
Gyrodes? sp.
Metoicoceras defordi Young
408 D6054  do., 1966 W.A. Cobban  Metoicoceras cf. M. whitei Pl. 8,
Hyatt sec.137.
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DAKOTA FORMATION AND TROPIC SHALE--continued
Zone of Dupveganoceras albertense (Warren)
10 D5235 F. Peterson F. Peterson Exogyra levis Stephenson Pl. 6,
1965 E. olisiponensis Sharpe sec. i.
21  D5234 do., 1965 do. Ostrea prudentia White Pl. 6,
o Exogvra levis Stephenson sec. 9.
E. olisiponensis Sharpe
26 ~ee-- do., 1965 do. Gryphaea newberryi Stanton Pl. 6,
Plicatula hydrotheca White sec., l1.
32 D5241 do., 1965 do. QOstrea sp. P1. 6,
Brachidontes multilinigera sec., 1.
(Meek)

Corbula sp.

33 D3274 do., 1965 W.A. Cobkan Inoceramus aff. I. concen- Pl. 6,
F. Peterson tricus Parkinson sec. 31.

Cymbophora? sp.
Corbula sp.

37 D5236 do., 1965 do. Inoceramus sp. Pl. 6,
Corbula? sp. sec. 18.
Neocardioceras? sp.

38 -ee-- do., 1964 N. Hotton 3d  Exogvra levis Stephenson P1l. 6,
D.H. Dunkle Chondrichthyes sec. 1i8&.
F. Peterson Scapanorhynchus subulatus
(Agassiz)

TROPIC SHALE

Zone of Sciponoceras gracile (Shumard)

9 D4623 H.A. Waldrop W.A. Cobban Gryphaea newberrvi Stanton Pl. 6,
1964 Exogyvra olisiponensis Sharpe sec. 1.
Parmicorbula? sp.
Euspira sp.
Sciponoceras gracile (Shumard)

11 D4627 do., 1964 do. Exogyra olisiponensis Pl. 6,
: Sharpe sec. 1.
Cerithium sp.
Sciponoceras gracile (Shumard)
Allocrioceras annulatum

. (Shumard)
13 D4626 do., 1964 do. Gryphaea newberryi Stanton Pl. 6,
. Turritella whitei Stanton sec. 2.
Sciponoceras gracile
(Shumard)
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TROPIC SHALE--continued

Zone of Sciponoceras gracile (Shumard)--continued

16

18

19

22

24

D5243 F. Peterson
1965

F. Peterson

D4625 H.A. Waldrop W.A. Cobban

1964

D5252 F. Peterson F. Peterson

1965

D5244 do., 1964 do.

D4628 H.A. Waldrop W.A. Cobban
1964
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P1. 6,
sec. 4.

Inoceramus sp.

Gryphaea newberryi Stanton

Exogyra sp.

Psilomya mecski (White)

Lucina subundata Hall and
Meek

Euspira sp.

Cerithium? sp.

Sciponoceras gracile (Shumard)

Allocrioceras annulatum
(Shumard)

Metoicoceras whitei Hyatt

Pl. 6,
sec. 5,

Cryphaea newberryi Stanton

Sciponoceras gracile
(Shumard)

Metoicvuceras whitei Hyatt

Pl. 6,
sec, 6.

Solemva? obscura Stanton

Gryphaea newberrvi Stanton

Psilomva meeki (White)

Lucina subundeta Hall and
Meek

Corbula kanabensis Stanton

Euspira sp.

Turritella whitei Stancon

Drepanochilus ruida (White)

Sciponoceras gracile (Shumard)

Allocrioceras annulacum
(Shumard)

Worthoceras sp.

Kanabiceras septemseriatum
(Cragin)

Metoicoceras whitei Hyatt

Pl. 6,
sec. 9.

Solitary coral, undet.
Serpula intrica White
Inoceramus sp.

Lucina sp.

Plb 6’
sec,

Inoceramus sp.

Exogyra sp.

Camptonectes platessa White
Psilomya meeki (White)’
Lucina sp.

Parmicorbula? sp.
Sciponoceras gracile (Shumard)
Allocrioceras amnulatum (Shumard)
Metoicoceras whitei Hyatt

10.
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No. loc.

Collector Identified Fossils Location

and year by and notes

TROPIC SHALE--continued

Zone of Sciponoceras ecracile (Shumard)--continued

27 D5251 F. Peterson F. Peterson Camptonectes platessa White P1. 6,
1965 Psilomya meeki (White) sec. 11l.
Lucina subundata Hall and
Meek
Corbula sp.
Sigaretus (Eunaticina?)
textilis Stanton
Euspira sp.
Sciponoceras gracile (Shumard)
Allocrioceras annulatum

(Shumard)
28 ,———— do., 1964 J.F. Mello Foraminifera Pl. 6,
Nodosaria cf. N. gbscura sec, 1l1.
Reuss

Citharina? sp.
Dentalina sp.
Lagena? sp.
Neobulimina canadensis
Cushman and Wickenden
Bulimina reussi Morrow var.
navarroensis Cushman and
Parker
Guembelitria cretacea Cushman
Heterchelix moremani (Cushman)
Hedbergella planispira (Tappan)
H. cf. H. delrivensis {(Carsey)
Planulina dakotensis (Fox)
Virgulina teculata Reuss

28 D5254 do., 1964 F. Peterson Annelida Pl. 6,
Serpula intrica White sec. 1l1.
Mollusca

Solemya? obscura Stanton
Gryphaea newberryi Stanton
Exogyra sp.
Camptonectes platessa White
Lima utahensis Stanton
Psilomya meeki (White)
Lucina subundata Hall and Meek
Corbula kanabensis Stanton
Sigaretus (Eunaticina?)

textilis Stanton -
Euspira sp.
Turritella whitei Stanton
Arrhoges prolabiata (White)
Sciponoceras gracile (Shumard)
Allocrioceras annulatum (Shumard)
Kanabiceras septemseriatum (Cragin)
Metoicoceras whitei Hyatt
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TROPIC SHALE-~continued
Zone of Sciponoceras gzracile (Shumard)--continued
28  mee-- F. Peterson J.E. Hazel Ostracoda P1l. 6,
1964 Cythereis eaglefordensis sec. 11.
Alexander
30 D5255 do., 1964 F. Peterson Serpula intrica White Pl. 6,
Solemya? obscura Stanton sec. 13.

Gryphaea newberryi Stanton
. Exogyra sp.

Psilomvya meeki (White)

P. concentrica (Stanton)

Lucina subundata Hall and Meek

Corbula kanabensis Stancon

Sigaretus (Eunaticina?) textilis

Stanton
Euspira sp.
Turritella whitei Stanton
Drepanochilus ruida (Wnite)
Arrhoges prolsbiaca (White)

Sciponoceras gracile (Shumard)
Allocrioceras annularum (Shunard)

Worthoceras sp.

Kanabiceras se¢oramseriatun (Cragin)

31 D4353 H.A. Waldrop W.A. Cobban Trochocyathus? sp.
F. Peterson F. Peterson Gryohaea nawyscerrvi Stanzon
1963-64 Turritella whirei Stanton

6,

Pl.
sec. l&.

Sciponoceras gracile {(Shumard)
Allocrioceras annulatum (Shumard)

Actinocamax sp.

39 D5258 F, Peterson F. Peterson Inoceramus sp.
1964 Gryphaea newberrvi Stanton
Exogyra sp.

Turritella whitei Stanton

Pi. 6,
sec. 18.

Sciponoceras gracile (Shumard)
Kanabiceras septemseriatum (Cragin)

53 ~e=m-- de., 1964 do. Serpula intrica White
Gryphaea newberryi Stanton

Exogyra olisiponensis Sharpe

Exogyra sp.
Botula? sp.

Psilomya meeki (White)
Turritella whitei Stanton
Drepanochilus ruida (White)

Pl. 6,
sec. 20,

Sciponoceras gracile (Shumard)
Kanabiceras septemseriatum (Cragin)

Metoicoceras whitei Hyatt

241



Collec- USGS

tion fossil Collector Identified Fossils Loczazion
No. loc. and year by and =otes
TROPIC SHALE--continued
Zone of Sciponoceras gracile (Shimard)--continued
58 D5256 F. Peterson F. Peterson Gryphaez newberryi Stanton Pl. 3,
1964 Exogyra olisiponensis Sharpe sec. 22.
Exogyra sp.
62 D5259 do., 1964 do. Arrhoges srolabiata (White) Pl. 35,
Sciponocz=ras gracile sec. 25.
(Shuma=ad)
101 D5253 do., 1964 do. Serpula intrica White Pl. 5,
Solemya? obscura Stanton sec. 28.
Gryphaea newberryi Stanton
Exogyra s?.
Camptonzztes platessa White
Lima uta-znsis Stanton
Psilomyz —eeki (White)
P. concenzrica (Stanton)
Veniellz —orconi Hall and Meek
Lucina s--undata Hall and Meek
Corbula -znabensis Stanton
Euspira =02,
Turritel.z whitei Stanton
Cerithiv=? sp.
Sciponoczras gracile (Shumard)
117 ~===- do., 1964 do. Serpula Zatrica White PlL. 3,
Gryphaes -—ewoorrvi Stanton sez. 34.
Exogvra 32
Camptone:zzes platessa White
Psilomyz mzeki (Wnite)
Euspira s3.
Turritel .z whitei Stanton
Sciponbéczras gracile (Shumard)
120 -==-- do., 1964 do. Serpula iatrica White Pl. 9,
Solemya? obscura Stanton sec. 35.
Gryphaea 1ewberrvi Stanton
Exogyra so.
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Psilomya —eeki (White)

P. concezzrica (Stanton)

Lucina scoundata Hall and Meek

Corbula :znabensis Stanton

Sigaretus (Eunaticina?) textilis
Stanton

Euspira sp.

Turritelia whitei Stanton

Cerithiu=? sp.

Drepanociilus ruida (White)

Arrhoges prolabiata (White)

Mesorhytis? walcotti Stanton

Sciponoczras gracile (Shumard)

Allocriocaras annulatum (Shumard)

Worthoceras sp.

Kanabiceras septemseriatum (Cragiz)

Metoicoceras whitei Hyatt
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and year by FQSSilS

TROPIC SHALE--continued

Zone of Sciponoceras gracile (Shumard)-=-continued

120  ----- F. Peterson N. Hotton 3d Chondrichthyes Pl. 6,
1964 D.H. Dunkle Oxyrhina cf. 0. angus- sec. 35,
tidens Reuss
Osteichthyes
Pycnodontoid tooth, undet.

127 D5260 do., 1964 F. Peterson Serpula intrica White Pl. 6,
. Gryphaea newberryi Stanton sec. 41,
Exogyra sp.
Lucina subundata Hall and Meek
Corbula kanabensis Stanton
Euspira sp.
Turritella whitei Stanton
Cerithium? sp.
Drepanochilus ruida (White)
Arrhoges prolabiata (White)
Sciponoceras gracile (Shumard)

130 D5247 do., 1965 . do. Gryphaea newberryi Stanton Pl. 7,

Exogyra sp. sec., 82.
Euspira sp.

Arrhoges prolabjiata (White)
Sciponoceras gracile (Shumard)
Metcicoceras whitei Hyatt

138§ D5250 do., 1965 do. Serpula intrica White Fl. 7,
Gryphaea newberryi Stanton sec. 105.
Exogyra sp.

Veniella mortoni Hall and Meek
Lucina subundata Hall and Meek
Corbula kanabensis Stanton
Euspira sp.

Turritella whitei Stanton
Cerithium? sp.

Arrhoges prolabiata (White)
Mesorhytis? walcotti Stanton
Sciponoceras gracile (Shumard)
Allocrioceras annulatum (Shumard)
Kanabiceras septemseriatum {Cragin)
Metoicoceras whitei Hyatt

204 ~e--- do., 1966 do. Serpula intrica White P1. 8,
’ Inoceramus cf. I. pictus sec.116.
Sowerby .
Arrhoges prolabiata (White)
Scipounoceras gracile (Shumard)
Metoicoceras whitei Hyatt
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TROPIC SHALE--continued

Zone of Sciponoceras gracils (Shumard)-~-continued

205

405

D5249 TF. Peterson

D5246

1964

do., 1985

do., 1965

do.

do.

F. Peterson

Serpula intrica White Pl. 8,
Sole—~va? obscura Stanton sec.115.
Inoceramus cf. I. pictus
Sowarby
Ostrea sp.
Grvphaea newberryi Stanton
Exogvra sp. o
Lucina subundacta Hall and Meek
Corbula kanabensis Stanton
Sigzratus (Eunaticina?) textilis
Stanton
Euspira sp.
Turritella whitei Stanton
Arrhczes prolabiata (White)
Sciponoceras gracile (Shumard)
Allccrioceras annulatum (Shumard)
Kanz>iceras septemseriacum (Cragin)
Metcicoceras whitei Hyatt
Choncrichcthyes
Shark tocoth, undet.

Serrula intrica White Pl. 8,
Gryonrnzea newberryi Stanton sec.140.
Camnzonectes nlatessa White
Psiiomva meeki (White)

Corbula kanabensis Stanton

Euspira sp.

Turritella whitei Stanton
Drepanochilus ruida (White)
Arrhozes prolabiata (White)
Scipcaoceras gracile (Shumard)
Allocrioceras annulatum (Shumard)
Metoicoceras whitei Hyatt

Sole=va? obscura Stanton P1l. 8,

Gryphaea newberryi Stanton sec.140,

Exogvra sp.

Lucina subundata Hall and Meek

Corbula kanabensis Stanton

Sigaretus (Eunaticina?) textilis
Stanton

Euspira sp.

Turritella whitei Stanton

Sciponoceras gracile (Shumard)

Allocrioceras annulatum (Shumard)

Metoicoceras whitei Hyatt
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TROPIC SHALE--continued
Zone of Inoceramus labiatus Schlotheim
17 D5269 F. Peterson F. Peterscn Inoceramus cf. I. labiatus Pl. 6,
1965 (Schlotheim) sec. 4.
23 D5270 do., 1965 W.A. Cobban Inoceramus labiatus P1l. 6,
F. Peterson (Schlotheim) sec. 9.
Lucina subundata Hall and
Meek
Kanabiceras sp.
Watinoceras? sp.
29 D5268 do., 1965 F., Peterscn Inoceramus labiatus Pl. 6,
(Schlotheim) sec., 1ll.
Phelopteria cf. P.
gastrodes (Meek)
Lucina subundata Hall and Meek
Watinoceras? sp.
Decapod chela, undet.
40 D5264 do., 1964 do. Inoceramus labiatus P1. 1,
(Schlotheim) sec. Tl;
175 ft a-
bove base
of forma-
tion.
41 D53265 do., 1964 do. Planktonic Foraminifer, P1, 1,
undet, sec. Tl
Ostrea sp. 271 ft a-
_—— bove base
of forma-
tion.
42 e-e-e- do., 1964 J.F. Mello Foraminifera P1. 1,
Bulimina sp. sec. Tl;
Heterchelix moremani 280 ft a-
: (Cushman) bove base
Hedbergella cf. H. of forma-
delrioensis (Carsey) tion.
?Ticinella aprica
Leoblich and Tappan
- Planulina dakotensis Fox
42 D5266 do., 1964 F. Peterson Mollusca Do.
Inoceramus labiatus
(Schlotheim)
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Ostrea sp.

Lucina subundata Hall and Meek

Rostellites? sp.
Baculites sp.
Watiuoceras? sp.
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TROPIC SHALE--continued
Zone of Inoceramus labiatus Schlotheim--continued

43 ce--- F. Peterson J.F. Mello Foraminifera PlL. 1,
1964 Proteonina difflugiformis sec. T1;
(H. B. Brady) 286 ft a-
Haplofragmoides? sp. bove base
Dentalina? sp. of forma-

Frondicularia sp. tion.

55

55

56

56

63

65

D5263 do., 1964 F. Peterson
----- do., 1964 N. Hotton 3d
D.H., Dunkle

D5262 do., 1964 F. Peterson
----- do., 1964 N. Hotton 3d
- D.H., Dunkle

D5261 do., 1964 F. Peterson
D4365 H.A, Waldrop W.A. Cobban

1963
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Marginulinopsis? sp.
Heterohelix moremani (Cushman)
Hedbergella cf. H. delrioensis

(Carsey)
Inoceramus labiatus Pl. 1,
(Schlotheim) sec. 22;
Ostrea sp. 116-120
ft above
base of
formation.
Chondrichthyes Do.

Oxyrhina cf. 0. angus-
tidens Reuss

Shark vertebra, undet.
Ptychodes whinplei Marcecu
P. cf. P. polygyrus Agassiz

Inoceramus sp. Pl. 1,
Ostrea sp. a§e§° 22;
- t a-

Lucina sp. bove base
of forma-
tion.

Osteichthyes Do.

Xiphactinus audax Leidy
Inoceramus labiatus Pl. 6,

(Schlotheim) sec. 25.
Phelopteria cf. P. gastro-
" des (Meek)
Lucina subundata Hall and Msek
Corbula sp.
Drepanochilus ruida (White)
Watinoceras? sp.
Fish scales, undet.

Inoceramus labiatus P1l. 1,
(Schlotheim) gge;- T1;
t a-
Ostrea sp. bove base
of forma-

tion.
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tion fossil and vear b Fossils and notes
No. loc. Y y oc=3s

TROPIC SHALE--continued
Zone of Inoceramus labiatus Schlotheim--continued
102 ~ D4355 H.A. Waldrop W.A. Cobban  Inoceramus labiatus Pl. 1, _
F. Peterson (Schlotheim) sec. 12;
65 ft a-
1963 Ostrea sp. bove base
Mammites sp. of forra-
tion.
103 D4356 do., 1963 do. Inoceramus labiatus PiL. 1,
(Schlotheim) sec. TI2;
Ostrea sp. 135 ftﬁ?'
SR bove beza
Watinoceras? sp. of for—--
tion.
104 D4357 do., 1963 do. Inoceramus labiatus Pl. 1, _
(Schlotheim) sec. Tz,
141 ft e-
bove bza:ze
of forma-
tion.
105 D4359 do., 1963 do. Inoceramus labiatus PlL. 1,
(Schlotheim) 1§8Cfttg;
Metoicoceras sp. bove bzse
of formz-
tion.
106 D4358 do., 1963 do. Inoceramus labiatus Pl. 1,
(Schlctheim) sec, 123
Anomia sp. 180 ft 2-
- . . bove bassa
Drepanochilus ruida of forma-
(White) tion.
107 D4360 do., 1963 do. Inoceramus labiatus P1. 1,
(Schlotheim) zggcftfg;
Baculites sp. bove basa
of forme~-
tion.
112 D4354 do., 1963 do. Inoceramus sp. PL. 1,
Drepanochilus ruida (White)  sec. T2;
Baculites? sp. 80 ft a-
T P bove bas=z
Kanabiceras? sp. of forma-
. Watinoceras? sp. tion.
122 D5271 F. Peterson W.A. Cobban Inoceramus labiatus Pl. 6,
1965 F. Peterson (Schlotheim) sec., 33.
Baculites sp. *

Neocardioceras sp.
Watinoceras? sp.
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No. loc. y y T

TROPIC SHALE--continued
Zone of Inoceramus labiatus Schlotheim--continued
131 D5273 F. Peterson F. Peterson Inoceramus labiatus Pl. 1, )
1965 (Schlotheim) sec. I5;
Ostrea sp 120-121
- ft abeve
Chondrichthyes base c=
Shark teeth, undet. formaczion.
Ptychodus sp.
142 cwea- do., 1964 N. Hotton 3d Reptilia Pl. 1, _
D.H. Dunkle. Mosasaur (sma2ll), undet. sec. 353
Chondrichthyes %?0'233#
t abcwe
Shark vertebra, undet. base o=
Ptychodus whipplei Marcou fgormz-:on.
206 D5267 do., 1964 F. Peterson Ostrea sp. P1. 8,
Gryphaea sp. sec.1153,
207  mee-- do., 1964 do. Inoceramus labiatus P1. 1,
(Schlotheim) sec. -7;
Ostrea sp. 26 fe =-
_—— ove ITzse
of forza-
tion.
208  e-m-- do., 1964 do. Inoceramus labiatus P1. 1,
(Schlotheim) sec. I7;
147 £z a-
bove z:zs3e
of for—a-
tion.
403 D5272 do., 1965 do. Inoceramus labiatus ?1l. 8,
(Schlotheim) sec.1:0.
Phelopteria sp.
Drepanochilus ruida (White)
Watinoceras? sp.
Fish scale, undet,
Zone of Collignoniceras woollgari (Mantell)
44  D5276 do., 1964 do. ~ Collignoniceras woollgari Pl. 1,
(Mantell) sec. T1;
403 fr a-
bove tase
of forma-
tion.
45  ee--- do., 1964 do. Collignoniceras woollgari P1. 1,
' (Mantell) sec, Il;
. 509 fc a-
bove bzse
of forma-
tion.
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TROPIC SHALE~~-continued
Zone of Collignoniceras woollgari (Mantell)--continued
46 -~w~~= F, Peterson F. Peterson Collignoniceras woollgari P1. 1,
1964 Mantell sec. T1;
(Mantell) 511-541 ft
above base
of forma-
tion.
108 D4361 H.A. Waldrop W.A. Cobban Inoceramus sp. Pl. 1,
F. Peterson Ostrea sp. sec., T2;
1963 Baculites sp. 315-340
Collignoniceras woollgari ft above
base of
, (Mantell) formation.
109 D4363 do., 1963 do. Ostrea sp. Pl1. 1,
Collignoniceras woollgari sec. T2;
(Mantell) 325 ft a-
bove base
of forma-
tion.
110 D4364 do., 1963 do. Ostrea sp. P1. 1,
Collignoniceras woollgari BZSC:OSZ%
(Mantell) abov; basé
of forma-
tion.
111  D4362 do., 1963 do. Ostrea sp. Pl. 1,
Collignoniceras woolleari ASgcftTg;
(Mantell) bove base
of forma-
tion.
132 D5281 F. Peterson F. Peterson Inoceramus sp. Pl. 1,
1965 Collignoniceras woollgari sec. T5;
371 ft a-
(Mantell) bove base
of forma-
tion.
133 D5278 do., 1965 do. Collignoniceras woollgari Pl. 1,
(Mantell) sec. T5;
. 396 ft a-
Fish scale, undet. bove base
of forma-
tion.
134 D5280 do., 1965 do. Yoldia? sp. PL. 1,
. Inoceramus sp. - sec, T5;
Cardium sp. . 616-621
ST \ ft above
Collignoniceras woollgari base of
(Mantell) formation.



Collec- USG§ Collector Identified . Lozation
tion fossil Fossils X
and year by ani notes
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TROPIC SHALE-~continued
Zone of Collignoniceras woolleari (Mantell)--continued
,209 ee--- F. Peterson F. Peterson Inoceramus Sp. P1. 1,
1964 Ostrea sp. sec. T7;
: ; : 372 ft a-
Collignoniceras woollgari i
bo+2 base
(Mantell) of Zorma-
tiecn.
210 D5277 do., 1964 do. Collignoniceras woollgari P1. 1,
' (Mantell) sez, T7;
467-471
ft ebove
basz of
for=ation
402 D5279 do., 1965 do. Collignoniceras woollgari P1. 1,
(Mantell) szz. I8,
362 It a-
becvz base
of Zorma-
ticm.
TROPIC SHALE AND TIBBET CANYON MEMBER OF STRAIGHT CLIFFS FORMATION
Zone of Collignoniceras hvatti (Stanton)
67 D5300 do., 1964 do. Inoceramus nowelli White PlL. 9,
sec. S12;
in zzlus
fre- Tibbe
Cany. Hbr.
69 D4366 H.A. Waldrop W.A. Cobban Inoceramus howelli White Pl. &,
F. Peterson Crassostrea soleniscus sec. Sl4.
1963-64 (Meek)
Cymbophora sp.
Gyrodes conradi Meek
G. depressus Meek
Crvptorhytis utahensis (deek)
Heterotissotia? sp.
69 ~e--- do., 1963~ N. Hotton 3d Chondrichthyes P1. 5,
64 D.H. Dunkle Scapanorhynchus raphiodon sex. S14.
(Agassiz)
72 D5302 F. Peterson F. Peterson Inoceramus sp. P1. 9,
1964 Ostrea sp. sec.S516.
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Corbicula? sp.

Cardium sp. .

Cymbophora? sp.
Corbula? sp.

Gastropod fragments, undet.



Copﬁc- USG? Collector Identified , Location
tion fossil Fossils :
and year by and notes
No. loc.
TROPIC SHALE AND TIBBET CANYON MEMBER OF STRAIGHT CLIFFS FCMATION--contd
Zone of Collignoniceras hyatti (Stanton)--concinued
73 eeee- F. Peterson F. Peterson Crassostrea soleniscus P1. 9,
1964 (Meek) sec,.S13.
123 -ew-- do., 1964 do. Crassostrea soleniscus Pl. 10,
(Meek) sec.S18.
Brachidontes? sp.
Gastropod fragments, uxdet,
128 D5299 do., 1964 do. Inoceramus howelli Whice PlL. 1,
sec. T/
in talu:
from Tibbe
Cany. Mbr.
139 ~-we- do., 1965 do. Inoceramus sp. Pl. 10,
Ostrea? sp. sec.S22,
Corbula sp.
Gastropod fragments, uzdet.
141 ~e--- do., 1964 do. Ostrea sp. P1l. 10,
Cardium cf. C. paupercu=lum sec. S520.
Meek
211 ee--- do., 1964 do. Inoceramus sp. P1. 1,
Cardium cf, C. pauperc.lum  Sec.S529;
TMeck - — - in Tibbet
- 3
Cymbophora? =sp. §§n¥£ g?r.
bove base.
212 D5303 do., 1964 do. Inoceramus howelli Whize Pl. 1,
sec.529;
in talus
from Tibbe
Cany. Mbr,
302 ---=- do., 1965 do. Cardium cf. C. paupercuium Pl. 11,
: Meek sec.S30.
305 ----- do., 1965 do. Cardium cf. C. paupercuium Pl, 11,
Meek sec.S834,
703 D6056 do., 1967 W.A, Cobban Inoceramus Sp. P1l. 11,
Ostrea sp. ,sec. 56;
in talus;

Legumen cf. L. ellipticum

Conrad

Collien

the iaocer
am resembli
an undes-
cribed

species frc
oniceras

- hyatti zone of

Black Hills region

251



Collec- USGS

tion fossil Collector Identified Fossils Location
and year by and notes
No. loc.
JOHN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION
Barren and coal zones
145 D3785 R. McCurdy R.H. Tschudy Spores and pollen Prom drill
(USGS 1965 Cicatricosisporites hole in the
paleo- Appendicisporites SELNW:% sec.
bot. Lycopodiumsporites 34, T. 41 S.
loc.) Gleicheniidites R. 4 E.
Verrucatosporites Cuttings
Taurocusporites and core
Ceratosporites? samples fron
Krauselisporites each barr«n
Laevigatosporites and coal
Inaperturopollenites zone in mem-~
Monosulcites ber, Sampled
Classopollis interval
Abietineaepollenites zbout 84-552
Rugubivesiculites it above
Vitreisporites base of
Araucariacites member.,
Ephedra
Eucommiidites
Proteacidites
Triatriopollenites
Plicapollis
Latipollis?
Sporopollis?
Tricolronollenites
Tricolporites
Nyssapollenites
Periporopollenites
Christensen coal zone
66 ~---- F. Peterson F. Peterson Unio? sp. P1. 9,
1964 sec.S12.
144  ava-- do., 1965 do. " Crassostrea soleniscus P1. 10,
' (Meek) sec.522.
Brachidontes sp. '
501 D5058 G.A. Izett W.A. Cobban Serpula cf. S. tenuicarin-  NW43NWj
1965 ata Meek and Hayden sec, 34,
Crassostrea soleniscus I. 40 s.,
(Meek) R. 4 E.;
Anomia sp. f§om about
WP . middle of
Brachidontes sp. formation.
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JOBN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION~--continued
Christensen coal zone--continued
502 D5059 G.A. Izett W.A. Cobban Crassostrea soleniscus Center, sec.
1965 (Meek) 25, T, 40 S.,
Anomia sp. R. 4 E.; from
Brachidontes sp. a?o;t miiqle
Corbula sp. oL tormation.
513 D6058 F. Peterson W.A. Cobban Calcareous worm tube P1. 11,
1967 K.F. Sohl Inoceramus cf. I. mesa~ sec. S5.
biensis Berquist
"Corbula" sp.
Stenomelania? sp.
Pachychiloides? sp.
Ammonite fragment, undet.
514 D6059 do., 1967 W.A. Cobban Bryozoan, undet, P1. 11,
Crassostrea coalvillensis sec. S5.
(Meek)
C. soleniscus (dMeek)
Brachidontes sp.
516  e---- do., 1967 F. Peterson Crassostrea soleniscus Pl. 10,
(Meek) sec. S23.
Anomia sp.
Middle barren zone
74  D4629 do., 1964 W.A. Cobban Anomia? sp. SELNW: szc.
Cymbophora? sp. 4, T, 42 s.,
Melania? sp. R. 2 E.; 373
—_— ft aboves Ddase
of membzxr.
Rees coal zone
140 D5301 do., 1964 F. Peterson Crassostrea soleniscus P1, 10,
(Meek) sec. S21.
Upper barren zone
60 10034 H.A. Waldrop J.A. Wolfe Palm leaves NWENWL sec.12
(USGS 1964 Geonomites? sp. T. 43 5., R.
paleo- —_— 3 E.; 520 ft
bot. above base
loc.) of member.
143 -===- do., 1967 do. Conifer shoot impressions, P1. 10,
undet., probably repre- sec. 319.
sentative of Taxodiaceae
- 602 —mwe= G.A, Izett R. A, Scott Coniferous wood, undet. Center, sec.
1965 7, T. 40 5.,

R.4 E.; upper
part of wem=~
ber.
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Co%lec~ USG? Collector Identified . Location
tion fossil Fossils
and year by and notes
No. loc.
JOHN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION-=-continued
Lower marine mudstone tongue
213 e---- F. Peterson N. Hottonm 3d Chondrichthyes Pl. 1, sec.
1964 D.H. Dunkle Lamna appendiculata §29; from
Agassiz basal sand-
stone bed.
214 e---- do., 1964 F, Peterson Ostrea sp. PlL. 1, sec.
Cardium cf. C. pauper- S29; 9 ft
culum Meek above base
- of member,
218 D5286 do., 1965 W.A. Cobban Inoceramus sp. NWLNWy; sec
Ostrea sp. 36, T. 40 5.,
Baculites asper Morton R. 7E.; 70
Scaphites sp. £t below A
; sandstone
Placenticeras sp. bed
307 e---- do., 1965 F. Peterson Inoceramus cf. I. Pl. 11, sec.
stantoni Sokolow S$34; in
Ostrea sp. talus block.
Ophiomorpha sp.
308 D5285 do., 1965 W.A. Cobban Inoceramus Sp. Pl. 11, sec.
F. Peterson Gyrodes cf. G. depressus  S34; indi-
Meek cates zone
Placenticeras sp, of Scaphites
oo — . . denressus,
Protexanites shoshonensis ——————
(ileek)
Chondrichthyes
Ptychodes sp.
311 D5288 do.,, 1965 W.A. Cobban Nucula sp. SWLNWY: sec.
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Inoceramus stantoni
Sokolow

Oxytoma sp.
Ostrea sp.

Anomia subgquadrata
Stanton

Cardium sp.
Tellina sp.
Cymbophora sp.

Dentalium sp.

23, T. 41 S.,
R. 7 E.; in
talus block,
possibly from
the A sand-
stone bed.

Gyrodes aff. G. depressus Meek

Euspira? sp.

Xenophora sp.
Turritella sp.
nomalofusus? sp.

Actaeon? sp.

Baculites asper Morton

Scaphites sp.
acenticeras n. sp.

Heteromorph ammonite, undet,



Collec= USGS  ¢o11ector Identified Location

;;?n fizzfl and year by Fossils and notes
JOHN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION--continued
Lower marine mudstone tongue--continued
508 ----- F. Peterson F. Peterson Inoceramus Sp. P1l. 10,
1965 Anomia? sp. sec, 827,
Cardium sp.
Shark teeth, undet.
704  D6057 do., 1967 W.A. Cobban Baculites codyensis Pl. 11, sec.
Reeside 86; in taly
Placenticeras sp. indicates
Protexanites shoshonensis zone of
(Meek) Scaphites
depressus.
A sandstone bed
217 ee-e- do., 1964 F. Peterson Inoceramus sp. Pl. 1, sec.
Ostrea congesta? Conrad 529; 86-15!
Ostrea sp. ft above
base of
member,
503 D5305 do., 1965 do. Inoceramus (Volviceramus) Pl. 10,
involutus Sowerby sec. S24,
Crassostrea soleniscus
(Meck)
Shark teeth, undet.
504 D5284 do., 1965 W.A. Cobban Inoceramus sp. Pl. 10,
F. Peterson Ostrea congesta Conrad sec. 824,
Crassostrea soleniscus
(Meek)
Gyrodes cf. G. depressus
Meek
Placenticeras sp.
Shark teeth, undet.
Turtle carapace fragments, undet.
505 D5306 do., 1965 F. Peterson Crassostrea soleniscus P1. 10,
(Meek) sec. S24,
Cardium cf. C. curtum
Meek and Hayden
Cymbophora? sp.
Gastropod fragments, undet.
507 D5283 do., 1965 W.A, Cobban Baculites asper Morton © Pl. 10,
sec. S27;
in talus.
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and notes

JOHN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION--continued

A sandstone bed--continued

511

512

D5304a F., Peterson F. Peterson Inoceramus sp.
1965 Ostrea sp.

Cardium cf. C. pauperculum
Meek

Gastropod fragments, undet.

*

D5304b  do., 1965 do. Inoceramus cf. I. stantoni

Sokolow
Inoceramus sp.
Crassostrea soleniscus
(Meek)
Shark teeth, undet.

Pl. 10,
sec. S27.

Pl. 10,
sec. S27;
*in talus
block.

B sandstone bed

309

D5307 do., 1965 do. Inoceramus sp.
Gyrodes cf. G. conradi Meek
G. cf. G. depressus Meek
Rostellites? sp.

Pl. 11,
sec. S34.

C sandstone bed

506

----- do., 1965 do. Inoceramus sp.

Crassostrea soleniscus
(Meek)

P1. 10,
sec. S24,

D sandstone bed

303

D5287 do., 1965 W.A. Cobban Ostrea sp.
F. Peterson Baculites sp.

Ophiomorpha sp.

P1l. 11,
sec. S30.

E sandstone bed

510

----- do., 1965 F. Peterson Inoceramus Sp.
Ostrea sp.

Ophiomorpha sp.
Shark teeth, undet.

Pl. 10,
sec. S27.

Upper marine mudstone tongue

310

----- do., 1965 do. Serpula sp.
Inoceramus sp.
Ostrea sp.

PL. 11,
sec, S34.

Cardium cf. C. pauperculum Meek

Ophiomorpha sp.
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Co%lec- USG§ Collector Identified ) Location
tion fossil Fossils
and year by and notes
No. loc.
JOHN HENRY MEMBER OF STRAIGHT CLIFFS FORMATION--continued
Upper marine mudstone tongue--continued
515 D6592 F. Peterson W.A, Cobban Inoceramus (Spheno- 21. 10, sec.
1968 ceramus) sp. S28; the
I. (Endocostea) cf. I. tnocerams
balticus B8hm suggest a
—_— . 2osition low
Crassostrea soleniscus in zone of
(Meek) Scaphites
oippocrepis.
701  D5296 do., 1966 do. Inoceramus sp. {(with a Pl. 11, sec.
‘ truncate anterior 50; suggests
margin) zone of
Scaphites
~ippocrenis,
G sandstone bed
702 D5308 do., 1966 do. Inoceramus cf. I. Pl. 11,
(Cordiceramus) milleri sec. 30.
Petrascheck
DRIP TANK MEMBER OF STRAIGHT CLIFFS FORMATION
124 ~ee-- do., 1866 N. Hotton 3d Soft-shelled turtle Pl. 10,
D.i. Punkle TIrionyx? sp. sec. S18.
WAHWEAP FORMATION
1 D4717 H.A. VWaldrop W.A. Cobban Viviparus sp. Fig. 20,
F., Peterson sec. Wl.
R.L. Sutton
G.W. Horton
1964
1 D597 do., 1964 G.E. Lewis Osteichthyes, undet., and Fig. 20,
(fossil Lepidosteus sp. sec. WL.
verte- Reptilia, undet., and
brate Chelonia, undet.
1 No.) Crocodilia, undet.
oc¢. No. Hadrosaurian ornithischiaz
dinosaur, undet.
1 ~---- do., 1964 R.A, Scott Coniferous wood, undet. Tig. 20,
: sec, W1,
2 - D4714 do., 1964 W.A. Cobban Plesielliptio? sp. rig. 20,
Proparreysia aff. P. sec. Wl.
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baueri (Stanton)

Tulotomops aff., T.
laevibasalis Yen
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and year by and notes
No. loc.
WAHWEAP FORMATION-~-continued
3 D4715 H.A. Waldrop W.A. Cobban Plesielliptio sp. Fig. 20,
F. Peterson Proparreysia cf. P. sec. Wl.
R. L. Sutton gardneri (Stanton)
G.W. Horton Campeloma cf. C. nebrascensis
1964 (Meek and Hayden)
Tulotomops aff. T. laevibasalis Yen
3 —ee-- do., 1964 R.A. Scott Coniferous wood, undet. Fig. 20,
sec. Wl.
G4 mmee- do., 1964 W.A. Cobban Plesielliptio? sp. Fig. 20,
I.G. Sohn Cypridea spp. sec, Wl.
R.E. Peck Ostracodes, undet.
Charophytes
Chara n. sp.
Mesochara n, sp.
6 ----- do., 1964 I.G. Sohn Cvpridea sp. Fig. 20,
R.E. Peck Ostracodes, undet. sec., Wl.
Charophytes
Chara n. sp.
Mesochara n. s5p.
7  e---- do., 1954 W.A., Cobban Tulotomops sp. Fig. 20,
sec, Wl
8 D4716 do., 1964 do. Plesiellictio? sp. Fig. 20,
Proparrevsia sp. sec, Wl
Tulotomops? sp.
Physa sp.
75  me=ee- do., 1964 G.E. Lewis Lepidosteus sp. Various ZIrag-
Chelonia, undet. ments from
Crocodilia, undet. collns. 2,3,
4$,6,7,8.
601 D5060 G.A. Izett W.A. Cobban Proparreysia gardneri P1. 11,
1965 (Stanton) sec. S3.
Viviparus sp.
Campeloma sp.
Physa sp.
601  ----- do., 1965 G.E. Lewis Osteichthyes _ P1. 11,
Lepidosteus sp. sec. 33.
Reptilia, undet., and
Chelonia, undet.
Crocodilia, undet.
601 ----- do., 1965 R.A. Scott Plant fruit P1. 11,
Cercidiphyllum? sp. sec. S3.
603 ~-~--- F. Peterson F. Peterson Tulotomops? sp. Fig. 20,
1968 : sec. W3.
804  ~e--- do., 1968 do. Lepidosteus sp. Fig. 20,
sec., 3.
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KAIPAROWITS FORMATION
MS-5-1 D4008A W.E. Bowers R.H. Tschudy ©Pollen SE% sec. 16,
(USGS 1966 S.D. Van Proteacidites and NE% sec.
paleo- Loenen Araucariacites 21, T. 36 S.
bot. Aquilapollenites gér%‘gié
loc.) Tricolpites interangulus :

Newman

County, Utah.
in uppermost
part of for-
mation;
suggests
middle Cam-
panian agc.

MUDSTONE AND CONGLOMERATE UNIT

MS-5-2 D4008B
(USGs
paleo~
bot.
loc.)

do., 1966

PL-148~ D4100
SC (USGS
paleo-~

bot.

loc.)

do., 1967

do.

R.H. Tschudy

Pollen

Proteacidites

Araucariacites

Aquilapollenites

Tricolpites interangulus

Newman

Aequitriradites

Schizaea

Rugubivesiculites

Pollen

Proteacidites

Araucariacites

Aquilapollenites cf.

A. senonicus B.
Tschudy (provisional)
Tricolpites interangulus

Newman

Rugubivesiculites

Erdtmannipollis

Classopollis
Hemitelia

Ghoshispora

Same loc. as
above; in
lower part
of unit;
suggests
middle to
late Cam-~
panian age.

Garfield
County, Utah;
in mudstone;
suggests
late Cam-
panian age.
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